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ABSTRACT 


The trend in advanced electronic systems packaging is toward LSI hybrid 
microcircuitry in which a large number of monolithic integrated circuit chips of various 
types are incorporated with other active and passive components in a dense, multilevel, 
large-area module. However, such a circuit implementation requires a very large number 
of fine wire interconnections - 500 to 1,000 or more. The substantial cost associated with 
such a large number of independent, sequential operotions, including the cost of required 
quality assurance procedures, is well known. 

Alternative interconnection technologies have found application during 
the past few years, but various shortcomings have prevented them from becoming widely 
employed for most hybrid microcircuit requirements. 

An in-depth study on the current use of flip-chip technology by the micro- 
electronics industry was performed as part of this work and is presented herein . The 
advantages and disadvantages of this approach as compared to other methods are outlined, 
and the limitations of flip-chip techniques currently in use are discussed. 

In the work described herein, a fluxless solder-bump contact technology 
was evaluated. Multiple solder-bump contacts were formed on silicon integrated circuit 
chips, which were then bonded directly to thick-film gold pads and to thin-film gold pods. 
No flux whatsoever was used 'n any part of the attachment process, thus precluding device 
degradation and failure due to flux residues. 

These solder-bumps were electroformed onto device pads with the aid of 
thick dry film photomasks. Bump dimension was approximately 3 mils high and 4 mils by 
4 mils in cross-sectional area (0.075mm x 0.1mm x 0.1mm). 


Eoch bump wot comprliad of a rigid nickel underlayer and a compllont 
solder overlayer. The nickel underlayer served as o peoestol for collapse control during 
chip attachment. Two different solder alloys were evoluoted; o gold-coated gold/lead/ 
silver alloy, and a silver-coated indium/leod alloy. 

Bump processing details ore given herein. 

The devices were interconnected to gold bonding pods by means of uitro- 
sonic die ottochment/solder reflow processes. 

Fluxless solder-bump bond quality and reliobility were evaluated by 
observing and measuring the effects of centrifuge, thermal cycling, and high temperature 
storage on bond visual characteristics, bond electrical continuity, and bond shear tests. 
The results of this evaluation ore presented herein. 

The feasibility of joining fluxless solder-bump contacts to thick-film pads 
by means of conductive epoxy was explored. 

Applicability to CMOS device processing was investigated. 

The applicability and suitability of this interconnection technology for 
hybrid microelectronic packaging, with special attention given to joining reliability, 
low-cost, economical processing, adaptability to currently available devices, adaptability 
to automated processing, and implementability by both manufacturers of semiconductor 
devices and hybrid users is discussed. 


I. 


INTRODUCTION 


The electrical and mechanical interconnection of microcircuit chip devices to 
form integrated electronics currently presents a reliability and economic problem in the 
microelectronic packaging industry. The traditional and most commonly used method for 
single device and multichip (hybrid) packaging is achieved by first mechanically attaching 
the back side of the chip to a substrate. Then, small diameter wires are used to provide 
interconnections between the device and substrate metallizations. 

This approach results in versatile interconnection with respect to routing flexibility, 
but it also produces fundamental reliability and cost difficulties. For each wire inter- 
connection, two bonds must be made. For a multiplicity of interconnections, all performed 
one at a time by a human operator, each bond becomes somewhat unique, and, even with 
a high level of quality control, the probability that a complex microcircuit will contain at 
least one unacceptable bond becomes appreciable . 

To improve circuit reliability, a series of complex screening procedures have been 
developed, including thermal cycling, centrifuging, high -temperature bum-in, etc. In 
addition, a technique has been developed for non-destructive pull-testing of each individual 
wire after it has been bonded to test for bond integrity, but this procedure nearly doubles the 
cost of the wire-bonding operation, which is very high already, and the test is a very delicote 
one, requiring a very careful operator in order to improve bond quality ossurance rather than 
reduce bond quality. As a result, the cost of reliable wire-bonded interconnections constitutes 
a major part of the cost of fabricating reliable microcircuits. 

Further, it has been shown by both NASA and DOD that interconnections produce 
the greatest single failure rate in high reliability electronic systems. It is perhaps somewhat 
ironic that although the development of microelectronic technology has resulted in reducing 
the relative number of discrete interconnections significantly, interconnections remain a 
major reliability problem for microelectronics. 
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The trend in odvonced electronic systems packaging will continue toward larger- 
scale integration and increased component density. This trend will be sustoined by a 
combination of larger-scole integrated monolithic devices incorporated into increasingly 
complex hybrids. 

Ultra- large-scale integrated monolithic devices will not provide the total answer 
to advanced packaging requirements because of: 

o Cost 

Gieater complexity requires more area for both the increased number of 
devices ond for the associated interconnect routing. Very large monolithic 
chip size results in lower yield, which in turn results in higher cost. 

Eventually, a point of rapidly diminishing returns is reached as complexity 
is increased on a single chip, with respect to yield ond therefore of cost. 

o Design Flexibility and Leod Time 

Very large-scale monolithic devices do not provide design flexibility, and 
require very long lead times. For relatively small quantities, unit cost is 
very high . 

o Integration of Different Types of Devices 

Hybrid Integration is usually the best way to combine various types of tech- 
nologies for required and/or optimum performance, such as bipolar and MOS, 
low power and high voltage, specialized photo-detection properties, integrated 
surface acoustic wave processing, etc. 

o Finol U'.ilizotion 

The more complex monolithic chips would be incorporated into advanced hybrid 
microcircuits. 
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High density LSI hybrid microcircuits, omployir <) substrotoi with multiiovol 
intorconnoctioni, aro boing dotignod and fabricated now with more than 400 interconnection 
wires, or over 800 wire bonds per microcircuit, in oddition, LSI hybrids ore being designed 
with os many as 1500 wires, or 3000 wirebonds per microcircuit. For these microcircuits, 
none of the required wirebonds con be missing, end each one miMt be of satisfactory quality. 
Thus, the demands on the wirebonding operators and on the quaiity assurance methods and 
implementation procedures are becoming criticai. 

Progress has been made toward automating or semi -automating the wire bonding 
process, but the probiems (and costs) of required quality assurance procedures remain . The 
current absence of a practical, readily implementable alternative to wire-bonded inter- 
connections is adversely affecting the microelectronics industry, and is overdue. 

Three alternatives to wirebonding h>.}.e been developed and include: (1) beam lead 
technology; (2) plastic film carrier technology and (3) flip chip technology. Each of these 
are viable methods and have been used with varying amounts of success. There are major 
objections to each of these approaches and therefore none have been developed to a degree 
that any has seriously competed with or replaced the wire-bonding technology. 

However, the flip-chip technique appears to be a very promising general method 
for advanced development as an alternate to wire bonding for interconnection technology. 
The study reported herein concerns an investigation and evaluation of an advanced flip-chip 
interconnection method for application to high reliability low cost hybrid microcircuitry. 
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II. PROGRAM OBJECTIVE AND GENERAL APPROACH 


A. Progrom Ob> »^ :Mve 

The objective of this study is to evaluate on improved method for forming 
contacts on semiconductor devices, permitting oil required mechanical and electrical inter- 
connections to the device to be performed in o single, convenient, economical and reliable 
bonding operation, compatible with automated processing. 

B. Generol Approoch 

This program was conducted in two phaser, as follows: 

1 . Phase I 

An in-depth study was performed on the current use of flip-chip 
technology by the microelectronics industry. The advantages and disadvantages of this 
approach os compared to other methods was determined. A list of the various flip-chip 
techniques currently used was compiled, and the limitations of each was outlined. 

2. Phase II 

A test program to evaluate microelectronic fluxless solder-bump 
interconnect technology was conducted, as follows: 

a. The evaluation was comprised of the following tasks; 

(1) Coilect/meosure appropriate solder metallurgical 
data 

(2) Fabricate arrays of simulated integrated circuit 
chips on silicon wafer blanks; fabricate solder bumps 
on the simulated 1C contact pods, with minimum of 
sixteen contacts per chip, and separate the chips 
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(3) Fabricate th!ck>film and thin-film flip-chip 
bonding puds 

(4) Demonstrate fluxleu assembly compatibility to thick- 
film gold pods and thin -film gold pads 

(5) Demonstrate that this technology can be applied to 
several types of devices (PNP, NPN, CMOS, SOS, 
etc.) 

(6) Test bond quality and reliability by means of visual 
examination and characterization, electrical 
continuity, and bond shear strength of bonded chips, 
for the following environmental test conditions: 

(a) 10 temperature cycles from -65°C to +150®C 

(b) 10,000 G and 15,000 G centrifuge 

(c) High temperature storage at +150°C up to 1000 
hours. 

b. The microelectronic flux less solder-bump interconnect 

technology was evaluated on the basis of the following criteria: 

(1) Reliability of electromechanical interconnection of 
semiconductor chips 

(2) Low cost processing 

(3) Implementability by both manufacturers of semiconductor 
products and purchasers of these products 
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(4) Compotibtliry with oveilabi* bonding equipment 
and materials 

(5) Economy for both large and small volume production 

(6) Adaptability to automatic procedures 

(7) Compatibility with a large -tumber of bump contacts 
per chip. 
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Ill . CURRENT USE OF FLIP-CHIP TECHNOLOGY BY THE MICROELECTRONICS 


INDUSTRY 


A, Current Use of Fllp-Chip Technology 

Data gathered tn a technology and utilization survey as port of this study 
shows that there are primarily five orgonizations currently employing flip-chip technology 
to a significant extent; namely IBM, Delco Electronics, General Electric, Motorola, and 
Micro Components Corporation. 

Two of these organizations - IBM and Delco - are strictly internal manu- 
facturer/consumers of flip-chipped devices; that is, they consume all of their own internal 
production of flip-chip devices, neither procuring nor selling such parts external to the 
organization itself. 

A brief description and discussion of the technology employed by eoch of 
these five organizations follows. 

1. IBM 

IBM has been the most prominent and most consistent promoter of 
flip-chip technology to dote. However, because of the relative isolation of IBM in the 
hybrid microelectronics world (due to the special business circumstances peculiar to IBM), 
IBM has had only a second-order influence on flip-chip technology external to IBM until 
comparatively recently (i.e., until the 1970's). However, IBM's internal usage of this 
technology is and has been enormous, relatively speaking. 

Current IBM chip joining technology employs solder reflow processes, 
and is termed "Controlled Collapse" by IBM. 


Bump metallization is basically done os follows. A thin molybdenum 
metol mask, with through-holes etched through the mask to coincide with device inter- 
connection pods on the silicon wafer, is aligned and clamped to the wafer. Within o 
vacuum chamber, glow discharge bombardment is used to clean the contact surface areas. 

Then metallization layers ore deposited through the metal mask onto the contact pad areas, 
comprised of approximately iOOO ^ chromium, 500^ chromium/copper alloy, 5000 A - 
10,000 copper, and finally 1000 R gold. At this point, the mask is changed; another 
molybdenum mask, with an identical through-hole pattern, but with larger diameter holes, 
is aligned and clamped to the wafer. Within a vacuum chamber, lead-tin alloy is deposited 
over the gold dot pattern, to a thickness of approximately 0.05mm. Considerable fractionation 
of the lead/tin alloy source material takes place, resulting in a bymp which is tin-rich at 
it's surface, but the equivalent composition of the bump alloy is 95 wt.% lead, 5 wt.% tin. 
The bumps ore subsequently melted by heating the wafers in a reducing atmosphere, forming 
hemispheres of a relatively uniform solder alloy composition. 

The oversize solder deposit, achieved by means of larger through-holes 
in the solder deposition mask, achieves a useful purpose in that, when the bumps ore melted 
to form hemispheres, the diometer of the solder constricts to the diameter of the underlying 
metallization layers; thus, the final height of the solder bump increases to more than 0,075mm 
from the original thickness of 0.05mm, without requiring additional deposition time and while 
minimizing problems with the mask. The diameter of completed bumps is approximately 0. 1 to 
0. 125mm (4 to 5 mils). 


Finally, the wafer is sawed into individual devices. 

In this process, it is reported that 40 to 50 wafers are processed at 
a time, and that 30 minutes of labor is required for each batch in order to build up the required 
thicknesses of metallization . 

The counter-substrates employed are comprised of alumina, with 
palladium/silver thick -film conductors, cooted with 90 lead/ 10 tin solder. Gloss dams 
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over selected portions of the conductor surfaces are used to restrict solder flow. The total 
volume of solder on the semiconductor devices and on the substrate bonding pads is controlled 
in order to achieve reliable joints. A white rosin flux is applied over the substrate bonding 
pad surface before chip placement, to act as a ter..>ct’>'irv adhesive and to promote wetting 
during solder reflow. Joining is performed in reflcv> ' toces in a nitrogen atmosphere. 

The flip-chip bumped devices are manipulated and bonded automatically 

at high handling rates. 

A major reason for employing 90 lead: 10 tin on the substrate pads is 
to maintain the melting point of this joint above that of the !ead/tin eutectic, which is used 
in subsequent module processing steps, and to achieve proper joining at the flip-chip bump. 

2. Delco Eiectronics 

At Delco, flip-chip devices are processed as follows. Thin chromium 
and goid layers are vacuum-deposited over the aluminum contact pads which constitute the 
silicon wafer metallization, to serve as the bump underlayer. An electroforming process, 
using a photoresist mask, is used to form the pure silver bumps. Final bump dimensions are 
approximately 5 mils diameter and 3 mils high (0. 125mm diameter by 0.075mm high). 

The counter-substrates employed are alumina with thick-film conductors. 
The bonding areas are coated with lead/tin eutectic, applied primarily by means of solder 
screening, or alternatively by means of solder dipping. Chip joining is done by means of 
solder reflow, with the aid of a fluxing agent. 

Delco uses a single 6-bump chip on each voltage regulator microcircuit 
produced by Delco, and a single 9-bump chip on each electronic ignition module. Total flip- 
chip device usage rate is approximately 60,000-80,000 flip-chip devices per day. 
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These same hvo device types have been produced and used by Delco 
for the past several years, at approximately the same rate, vrith little or no change in the 
technology or tho numbers and types of flip-chip devices used. 

3. Generol Electric 

Flip-chip devices are manufactured at GE's Integrated Circuits Center 
at Syracuse, NY. Little data can be gathered regarding the particulor processes and construc- 
tion employed in these devices because GE considers their process to be proprietary. However, 
the flip-chip solder metallization is 95 lead: 5 tin, and bump geometry is very similar to that 
of the corresponding IBM parts. GE claims that all of their flip-chip parts are passivated with 
silicon nitride. 


Devices currently being supplied are bipolor, although it is claimed 
that MOS devices have been processed on an experimental basis with good results. 

GE's Mobile Radio Products Division at Lynchburg, VA is o volume 
user of flip-chip ports from GE's Integrated Circuits Center, from Motorola Semiconductor 
Products Division, and from Micro-Components Corporation. The flip-chip ports ore joined 
to eutectic tin-lead solder -coated thick-film conductors on alumino substrates. Solder reflow 
with the aid of flux is employed. GE claims that bonding yields approach 100%. 

GE's Heavy Military Electronic Systems Division at Syracuse, NY has 
reportedly started using flip-chip technology in very moderate volume on a highly classified 
project within the last year. 

4 . Motorola 


Motorola has made flip-chipped devices available on a commercial 
basis during the last 2 or 3 years. The flip-chip metallization process and bump structure 
appears to be similar or identical to that of IBM. 


Motorola primarily a manufacturer of flip-chip devices rather than 
a although it is rumored that the Ft. Lauderdale Communications Division of Motorola 
will begin employing flip-chip technology in 1976. 

At the present time, Motorola offers only bipolar integrated circuits 
in flip-chip form, altiv'i.’gh the feasibility of supplying MOS and CMOS devices in flip- 
chip form is being investigated. The recent move of much of Motorola's MOS and CMOS 
operations to a facility in Austin, Texas seems to be affecting this feasibility verification 
work. A major process problem affecting the successful processing of MOS and CMOS 
parts at Motorola will probably involve a step in which Motorola cleans the base aluminum 
contact pads with a glow discharge prior to depositing additional metallization layers, in 
order to achieve a reliable low -resistance electrical contact. An alternative method for 
assuring a reliable low -resistance contact will have to be employed. 

5. Micro Components Corporotion 

At Micro Components, flip-chip devices are processed as follows, 
starting v/ith oxide-passivoted wafers, with windows opened at the contact pads. 

A clean aluminum metallization pad surface is assured by means of 

careful processing at the time that windows are opened in the surface oxide passivation layer. 

Then a series of metal layers is deposited over the entire wafer; first oiuminum (approximately) 

2500 A ); then aluminiim/nickel alloy (approximately 5000 ^ ); and finally nickel 

o 

(approximately 3000 A ). A photomask is applied, and nickel is etched away everywhere 
except at the contact pod areas, leaving the continuous aluminum layer in place over (he 
entire wafer. The photomask is then removed and a second "reverse" photomask is applied, 
such that only the contact pad areas remain exposed. Then electrolytic copper (approximately 
15 //m thick) and finally a 95 lead / 5 tin solder alloy (approximately 0.075mm thick) is 
electroformed onto the c<jntact pad areas. The photomask is then removed, the exposed 
aluminum film is etched away, and the solder terminals are formed into hemispheres by 
melting in an inert atmosphere. 


Tha purpose of rt>e copper layer Is to form a surface readily wetted 
by solder. The purpose of the nickel and nickel/olumlnum layers is to provide a surface 
which would remain intact in the event that the entire copper layer were entirely converted 
to copper/tin intermetollic, thus providing some final measure of adhesion to the solder 
during repeated solder reflow cycles. The aluminum layer provides odhesion to the wafer 
surface . 


Micro Components presently has available 8 families of devices in 
flip-chip form, and Is reportedly producing hundreds of thousands of such devices per month. 

In addition to the five organizations employing flip-chip technology 
to a significant extent os outlined above, others might be mentioned that have pursued the 
technology in the post, and more that some indications suggest may be joining whot appears 
to be a ropidly growing reviving interest in this technology. However, available data 
regarding current important users o' flip-chip technology indicate that the list shown in Figure 
1 is essentially complete. 

When reviewing Figure 1 it becomes evident that the IBM technology 
has now achieved a marked impact on current flip-chip technology. Delco's technology, 
which Is the major exception, has apparently been applied to only two devices of note, both 
of which were first developed several years ago; accordingly, even though volume usage 
continues to be impressive, and reliability i. excellent under the extremely difficult operational 
environment associated with proximity to automible engines, Delco appears to have stagnated 
somewhat in this technology. 

During the 1960's, IBM employed what they referred to as the "SLT" 
technology which was applied to their System/360 computer. This technology was notable 
in that copper spheres were incorporated into the solder bump structure to provide chip stand- 
offs. During the beginning of the 1970's the SLT technology evolved Into the so-called 
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Figure !• Current Use of Flip-Chip Technology by the Microelectronic Industry 



"controiUci collapse" technology described above, with the chief advantage that the 
joints which ro^'jlted were much more ductile and therefore more reliable. 

The Motorola technology oppeors to be essentially identical to that 
of IBM for oil practical purposes. The Micro Components technology is substantially different 
from that of IBM in many details, but the general characteristics of the final product is 
essentially identical to that of IBM. General Electric's technology, no doubt, foils within 
this some classification range also. Thus, in summary, the current leading flip**chip 
technologies employ leod/tin solder bumps, leod/tin bonding pods, and solder reflow joining 
with the aid of o fluxing agent, os first pioneered by IBM. 

B. Limitotions of Flip-Chip Techniques Currently in Use 

The flip-chip bumping technology employed by IBM, Motorola, and 
(probably) General Electric ore essentially identical. This technology basically consists 
of vacuum-depositing thin metal bump base layers onto wafer contact pad areas through o 
special metal shadow-mask, followed by vacuum -deposit! on of thick lead-tin solder bumps 
onto the base layers using a second special metal shadow-mask. 

The flip-chip bumping technology at Micro Components is somewhat 
different in that the thin metal base layers ore applied by means of vacuum deposition 
followed by subtractive etching. Thick lead-tin soider bumps ore then applied onto the 
metal base layers by means of on electroforming process. However, the final bump structure 
Is very similar to that of IBM/Motorolq/GE. 

The flip-chip bumping technology at Delco is rather unique among these 
five. The thin metal base layers for the bumps are opplied by means of vacuum deposition 
followed by subtractive etching. Thick bumps of pure silver are then formed over the metal 
base layers by means of electroforming process. The Delco technology can also be classified 
us a solder bump technology because, in common with I BM/Motorolo/G E/Micro Components, 
solder present on the counter-substrate is used for chip joining by means of solder reflow. 
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Thus, all currently prevolent flip-chip joining techniques employ solder 
chip joining, os opp' >ed to ultroso'.ic or thermocompression chip joining. 

All of the flip-chip bumping and joining technologies currently employed, 
os outlined above, require complex processing, both for the bumping processes and the 
chip joining processes. Complex processes ore objectionable from both reliability and 
yield/cost viewpoints. 

For these bumping processes, either two sequential metol-shodow masking 
steps ore required, or two sequential photoresist masking steps. 

The IBM process requires two special metal shadow-masks for each wafer 
type. Metal shadow-mask making involves relatively expensive, complex processes. Mask 
handling and alignment is critical, and the metal masks used during solder deposition 
require cleaning after each deposition. In general, vacuum deposition processes are 
relatively coinplex and time-consuming, requiring relatively expensive equipment. Hovr- 
ever, it should be noted that vacuum deposition processes employing metal shadow-masking 
is relatively very clean, provided that intimate mask contact is assured during the deposition 
process in order to prevent metal from reflecting between the mask and the wafer, which 
could otherwise result in metal "halos" and consequent device shorting or other problems. 

Chip joining associated with these flip-chips is also complex, in that 
substrate bonding pads must first be pre-coated with solder, and then coated with solder flux. 

Solder flux is especially objectionable in that, following solder reflow chip 
joining, a second process step is required in order to remove the flux residue. However, it 
is difficult to reliably remove flux residues after they have been heated to soldering 
temperatures (for flux materials which are sufficiently active to permit reliable joining), 
especially in the close spacings between bonded devices and substrate. It is well known that 
flux residues can lead to subsequent device degradation and failure. 
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Circuit rework roqutroi o Mcond applleotlon of flux, solder reflow, ond 
o second cleoning step to remove flux residue. 

In addition, the IBM "Controlled Collopse" chip joining technology requires 
the use of both solder dams and closely-controlled volumes of solder on the substrate bonding 
pods, which is on odditionol complication factor. 

A further dlsodvontoge of these technologies is that, to minimize leaching 
by the solder, thick-film materials containing either palladium or platinum ore employed, 
in conjunction with high-ieod solders. Thick-film inks containing palladium or platinum 
ore expensive because of the high cost of these precious metals. The use of high-leod 
solders requires relatively high-temperoture processing. 

IBM's selection of leod/tin for their thermally depMited solder bump alloy 
rather than lead/indium is puzzling. As shown in Figure 2, the extent of leod/tin alloy 
fractionation during evaporation is 500 times greater than that for leod/indium . Thus, 
process control for lecd/indium alloy deposition would be much simpler than that for 
leod/tin, resulting in improved, more reliable composition control for lead/indium. 

Indium depresses the melting point of lead in a manner very similar to tin; e.g., the 
liquidus of both 90 wt.% lead/10 wt.% tin and 90 wt.% leod/10 wt.% indium is 300**C . 
Lead/indijm alloys ore much less likely to attack solderable bump base metallization layers 
thon leod/tin. The mechanical properties of lead/tin and lead/indium are nearly identical 
and they form compatible solder joints when joined to each other. 

Finally, it might be mentioned {'not glow discharge cleaning of wafer device 
pads prior to deposition of the initial bump base metallization layer may not be compatible 
with MOS device process requirements. 
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FIGURE 7 


VAPOR PRESSURES OF SELECTED METALS AT IIOS^^K. 


Element 

Approximate Vapor 
Pressure at 1 105 K . 

Fractionation Ratio at 
1 105°K for Leor^llpys 

Pb 

Component 

Preferentially 

Evaporated 

Lead 

1 X 10 ^ torr 

1 

- 

Tin 

2 X 10 ^ torr 

2.6 X lO"^ 

Pb 

Indium 

1 X 10 ^ torr 

CM 

1 

O 

X 

CO 

• 

Pb 

Silver 

1 X 10 ^ torr 

X 

O 

1 

Pb 

Gold 

2 X 10’® torr 

2 X 10’^ 

Pb 
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In tummary, fitp'chip t«ehnlqu«i currently In use feature the traditlonol 
advantages of lolder^bump flip-chip joining, including the following features: 

o High speed gong-bonding 

o Rugged terminals 

o No special tooling required in order to handle each device size 

o Automatic chip alignment and leveling du. Ing solder reflow 

o Ductile, annealed chip joints 

The major limitations and disadvantages of prevalent flip-chip techniques 
are outlined below: 

1 . Complex solder bump processing 

o Two masking steps are required, with critical alignment. 

2. Complex chip joining processing 

o Substrate bonding pads musi te pre-coated with solder, 
which must In turn be pre-cooted with flux. 

o The amount of solder at the bonding pad area must be closely 
controlled, by using solder dams and closely-controlled 
solder thickness. 

o To minimize leaching, thick-film conductors containing 
either platinum or palladium must be used, which are 
expensive, In combination with high-lead solders. 
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o Tht u»« of high load toldors roquiroi rolotivoly high 
tomporaturo procosting. 

o Flux rotiduoi must be removed . 

3. Flux residues 

o It is difficult to reliably remove flux residues ofter they 
hove been heated to soldering temperatures^ especioH 
in the close spocings between bonded devices and substrates. 
Flux residues con lead to subsequent device degradation and 
fai lure . 

C . Advontoges ond Disodvontages of Flip~Ch>p Technology Compored to 
Other Methods 


The three major alternatives ro gang-bonded interconnections are the flip- 
chip, beam-lead, and beam-tape technologies. 

In flip-chip technology, metal bumps integrated with the chip and extending 
well above the chip surface are used to interconnect the chip in a face-down position to 
substrate circuit pads, as illustrated in Figure 3. 

Flip-chip technology can be divided into two major categories, distinguished 
by the method of attachment; namely, ultrasonic-bump and solder-bump. Ultrasonic-bump 
flip-chips may employ aluminum as the chief bumpmetallization, formed by means of vacuum 
deposition through a metal mcsk or by means of photolithography. Solder-bump flip-chips 
typically employ 95% lead/5% tin as the solder metallization . Solder-bump flip-chip 
attachment is depicted in Figure 4. 
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Figure A. Solder Bump Attachment 







INTERCONNECTION PROCESS SEQUENCE 



Figure 8- Beam Tape 









Disadvantages of beam>lead technology compared to flip-chip 

technology . 

o Special circuit layouts must be used on the silicon wafer, 
in order to provide room for beam formation; and, if chips 
are separated by means of anisotropic etching, specific 
silicon crystallographic orientation i« required. Thus, the 
technology cannot employ the great majority of circuit 
layouts currently available, and the semiconductor manu- 
facturer's basic process might need to be modified. Also, 
most of the latest high-performance devices cannot be 
obtained in beam-lead form. 

o Fewer circuit chips can be formed on a silicon wafer of a 

given size, because of the need to allow room for the beams, 
resulting in fewer devices per wafer and increased device 
cost. 

o Beam-lead processing is complicated, involving two or three 

additional photomasking steps, resulting in increased device 
cost and reliability impact in small volume production. 

o Beam-leads are fragile (susceptable to bending), creating 
handling and shipping problems. 

o Beam-lead device attachment is difficult to reliably automate. 

Automatic handling and bonding is difficult, and alignment 
to bonding pads is critical. 

o For gong-bonding processes, a special-size bonding tool is 

required for each die size . 


Advantages of beam-tape tachnology compared to fllp-chip 

technology . 

o Convenient bond inspection. 

o Long lead-lengths ore readily provided (well suited for 
pockaging single devices in plastic-encapsulated DIP's). 

Disadvantages of beam-tape technology compared to flip-chip 

technology. 

o Electrical and mechanical interconnections are mode in 

two separate mechanical steps, rather than the single step 
of flip-chip (or beam-lead) interconnection . Twice as 
many discrete joints are required. 

o For reliable joining, it is desirable to form raised bumps on 
the chip pods, somewhot similar to that employed in flip- 
chip interconnections, to which the beam-tape is bonded. 
Thus, processing and attachment is more complex than for 
flip-chip technology. 

o The process is difficult and expensive to automate. The 
critical alignment requirements of both the etched film 
over the chip devices and the beam-tape assembly to 
external circuit pads dictates that specialized, elaborate 
equipment must be used. 

o The extensive tooling requirements, comprising both 

mechanical equipment and custom etched beam-tape patterns, 
necessitates very high unit production in order to be cost 
effective. 
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o 


Special bonding tooli are required for each die size. 


o Packaging Is not as dense as for flip chip. 

Disadvantages of fllp*chlp technology. 

a. Ultrasonic -bump 

o Considerable pressure must be applied to multiple- 
bumped chips during bonding, in order to achieve 
high bond strength, which can cause chip breakage 
or crack propagation . Also, bumps can be scrubbed 
right through thin-film metal lizotion, resulting in 
poor interconnection reliability, unless care is 
exercised. 

o Ultrasonic waves can propagate through the substrate 
material during device attachment, which can affect 
bond strengths of previously-bonded chips. 

o Alignment to bonding pads is critical. 

o The integrity of the multiplicity of bonds cannot be 
verified by optical inspection alone. 

b. Solder-bump 

o Substrate bonding pad construction is complex, 
requiring pre-coating with solder and flux and 
requiring solder dams to restrict solder flow and 
closely controlled volumes of solder on the solder pads. 
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o Flux r«tidues must be removed from the close spacing 
between chip and substrate. Flux residue contami- 
nation is a reliobility risk. 

o Lead-tin solder is not metallurgical!/ compatible with 
the formation of joints with films containing gold. 

o Relatively high temperature processing is required. 

o Bump processing con be complex, comprising multiple 
photolithographic operations. 

Advantages of flip-chip technology compared to beam-leod technology. 

o Special wafer layouts are not required in order to provide 
space for beam-lead formation. 

o V/afer chip density is not reduced, which would otherwise 
result in fewer devices per wafer and increased device cost. 

o Chip separation by means of anistropic etching is not required, 

so that wafer crystallographic orientation constraints are relaxed. 

o Flip-chip processing is simpler and less expensive than beam- 
lead processing. 

o Flip-chip bumps are more rugged than beam-leads, thus 
focilitating handling and shipping. 

o A special tool is not required for each flip-chip die size, as 
is the case for beam-lead gang-bonding. 
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Fllp-chip devices cost less to proceu than beam-lead devices. 


7. Advantages of flip-chip technology compared to beam-tape technology. 

o Half as many discrete joints are required for flip-chip inter- 
connections, os compared to beam-tape interconnections. 

For beam-tope, two discrete joining operations are required 
for eoch device . 

o Silicon wofer prr~essing is nearly as complex for beam-tape 
os for flip-chips, because raised bumps should be provided on 
device pods for reliable beam-tape joining. Overall, chip 
joining is more complex for beam-tape. 

o Beam-tape is both difficult and very expensive to outomate, 
os compared to flip-chip. 

o Special tooling is not required for each flip-chip die size. 

o Flip-chips con be pocl/aged h'c,e densely than beam-tape 
interconnected devices. 

8. Disadvantages of solder-bump technology compared to beam- lead and 

beam-tape technology. 

o Flip-chip bond joints ore not os easy to inspect os beam-lead 
or beam-tape bond joints. 

o Solder-bump flip-chip joining may require the use of solder 
flux. 

o Flip-chip substrate bonding pods may hove to be fabricated 
from expensive materials containing palladium or platinum 
in order to minimize solder leaching. 
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Further discuftion . 


With reference to ease of bond joint inspection, os mentioned above, 
it should . v/ointed out that there is o great deal of similarity between 
beam-lead arid beam-tape bond joints and wire bond joints, as far as 
tF-. basic mechanism of joint formation and the subsequent optical 
ir..pection procedure are concerned. It should be noted that it may 
be so difficult to assure the bond integrity of wire bond joints by means 
of certified bonding equipment, processes, and operators in conjunction 
with optical inipection, in addition to other reliability assurance 
procedures such as thermal cycling, high temperature burn-in, and 
centrifuge, that some organizations have resorted to 100% non-destruct 
wire bond pull testing for additional quality assurance. Thus, the 
intrinsic value of optical inspection of beam-lead or beam-tape joints 
in itself is of limited quality assurance significance. 

Unless special provisions nrs made to extend flip-chip bumps to the 
edge of the chip, the joint is much more difficult to inspect than beam- 
lead joints, but the visual appearance of the solder meniscus, and the 
assurance of an annealed joint may be more meaningful than the 
information conveyed by the deformation pattern on the surface of a 
beam-lead or beam-tape joint. 

An intriguing future potential exists for chip devices supplied pre-bonded 
to beam -tapes in a standard fan-out pattern; however, (1) a substantial 
device handling problem would still be present, similar to the situation 
for beam-leaded devices; and (2) it is not clear that it would be foster 
to interconnect such beam-tape devices than wire-bonded devices, 
unless a special gang-bonding tool is used for each beam-tape size. 


A gr«ot d«ol has bt«n said of tho advonta^M of tho lO’^colUd 
soolod junction propwlios of tho b«am*l«odod dovicos. Tho toolod 
junction dovIcM omptoy o plotfnum sHiddo ohmic contoct, a silicon 
nitrid* surfoco passivation, and a titanium/platinum/goldolayorod 
-notallization ovoriapping tho odgos of the silicon nitride windows. 

This construction has proved to be effective in resisting contamination 
in humid ^environments. However, it should be recognized that an 
analogous deviM construction applied to another type of interconnection 
technology would be equally effective in resisting contaminotion in 
humid environments. This desirable characteristic need not necessarily 
be associated only with beam-leads. 
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In fluxUu loidar'bump technology, flip-chip soldor-bumpod dovicoi ore bonded 
to gold circuit pods without the use of any flux whatsoever. 

A schematic of fluxless solder-bump construction is shown In Figure 9. 

The bump structure consists of two chief metallization layers. First, o relatively 
hoi'd metal or alloy layer of relatively high melting point is applied adjacent to the base 
semiconductor device metallization . Then a relatively soft solder alloy layer of relatively 
low melting point is applied as the bump extremity. 

The solder layer has the function of forming a solder bond to gold circuit bonding 
pads for device mechanical and electrical interconnection. The compliant properties of 
the solder layer permits multipie-bumped devices to be reliably interconnected despite 
some degree of non-planarity of the joining surfaces. It also accommodates disparate 
thermal expansion between bonded chip and substrate. A thin precious metal coating over 
the solder layer prevents or minimizes environmental effects on the bonding surface, to 
permit reliable fluxless solder attachment. 

The chief function of the hard underlying metal layer is to serve as a rigid pedestal 
to control bump distortion characteristics during bonding. Without this pedestal layer, 
much of the solder distortion during bonding might take place at the semiconductor device 
surface. This pedestol layer assures that bump dimensions at the device surface remains 
constant, and that any solder bump collapse which occurs during bonding, prior to solder 
reflow, takes place at the bonding surface. The pedestal layer also serves as a metallur- 
gical transition layer between the semiconductor device metallization and the solder layer. 

The pedestal comprises approximately 1/3 of the bump height, and the solder layer 
the remaining 2/3. Total bump height is approximately 3 mils (0.075mm). 
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Fluxless Solder-Bump Technology 
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For low”CO$t processing, eiecfroforming techniques ore used to form the solder 
bumps. Since electroforming processes require electricol contact to every bump position, 
o continuous metal film is first coated over the entire wafer, over the device base 
metallization and surface passivation layer. Then a thick-film photomask is applied over 
the metal surface film, and windows ore opened in the photomask at the future bump sites. 
The thick-nim photomask helps to assure very we 1 1 -con trolled bump diameters. 

For the solder layer material, lead alloys were selectee^ primarily because lead 
forms compliant, corrosion-resistant, low temperature solders. In addition, some lead 
alloys are compatible with the formation of reliable, metal lurgically-compotible joints to 
precious metal bonding pads such os gold. 

In general, two types of alloy mechanisms can minimize gold leaching from bonding 
pods. In each case, the solidus temperature of the solder must exceed the be iding tempera- 
ture at the bonding interface when some small incremental quantity of gold is absorbed into 
the solder at the bonding Interface, or when some small incremental quantity of solder 
diffuses into the gold bonding pad, or both. 

In this regard, two different solder alloys are especially notable for application to 
fiuxless solder*4>umps. For solder alloys containing both lead and gold, the solidus tempera- 
ture for certain compositions increases dramatically as the gold content is increased. The 
same is true for solder alloys containing both lead and indium. 

As part of this program, chips metallized with both gold/lead/silver and indium/ 
iead/silver solder-bumps were evaluated. It Is believed that these two solder compositions, 
of all possible solder compositions, are best suited for fluxless solder-bump materials, on 
the basis of their particular combination of desirable material properties, including softness, 
ductility, convenient melting point, good corrosion resistance, low vapor pressure, and 
minimization of gold leaching effects. 


- 36 - 


During auembly, the chips are tacked down to bonding pads by means of an 
ultrasonic die bonder equipped with a combination ultrasonic/vacuum pick-up tool. 

This bonding operation deforms the soft-solder portion of the bumps, giving reliable 
contact to multiple -bumped devices. A heating operation then reflows the solder, forming 
annealed, alloyed bonds to the interconnection pads. Solder wetting is localized at the 
ultrasonically-scrubbed regions of the bonding pads. 

This flux less solder-bump method is not penalized by any of the objections out- 
lined in Section III C for beam-lead or beam-tape technologies. In addition, most of the 
disadvantages of flip-chip technology are also eliminated. 

Advantages of flux less solder-bump technology include: 

o Simplified solder-bump processing 

Maximum of one masking step (might be combined with 
window etch mask step). 

o Simplified chip joining. 

Uncoated gold bonding pads are used (no solder pre-coat, 
no flux prc-coat, no solder dams, lower temperature 
processing, no flux residue removal). 

o No flux residues 

Simplifies contamination control. 

o Metallurgically-compatible interfaces with gold films. 

o Well-controlled bump dimensions. 

We 1 1 -con trolled bump dimensions are provided, with the 
potential for bump extension to the edge of the chip for 
easier chip alignment and bond inspection. 
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o Bumps with magnetic properties can be provided to facilitate 
chip handling and storage. 

It is convenient to employ either nickel or nickel/cobolt 
alloy as the pedestal material, thus importing magnetic 
properties to the bumps. These metols are easy to plate, 
in addition to being rigid and corrosion -resistant. 
Magnetic properties are useful for convenience of chip 
handling and storage. 

The general fluxless solder-bump metallization process itself is conceptually quite 
flexible, and can be modified to suit particular process preferences. 
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V. 


METALLURGICAL INVESTIGATION 


Data has been gathered on metallurgical properties of five selected solder allo/s 
containing gold/lead and Indium/lead, in addition to 90 leod/lO tin for the purpose of 
comparison, as shown in Figure 10. These measurements were necessary because of a 
paucity of pertinent available published data. For m^t trinary alloys especially, such 
data is not ovailable. 

The first three columns give alloy composition, liquidus/solidus temperatures, and 
tensile strength. The fourth column shov/s Young's Modulus, which is the stress required to 
produce unit strain (or unit change-of- length). The fifth column gives hardness (Rockwell 
W). Since the equipment available could not reliably measure hardnesses greater than 
100 Rockwell W, quantitative measurements are shown for only three alloys, and relative 
order of hardness for all six. The last column shows percent elongation at the break point. 

The measured liquidus/solidus temperatures of the binary lead/indium alloy ore 
lower than expected, and are at variance somewhat with published data. 

A. Test Sample Preporotion Method 

The starting materials used are detailed below. 


Starting Materials 


Metal 

Purity 

Supplier 

Comments 

Lead 

M5N5 

Alfa Products 

Remelted to further eliminate 
oxide formation . 

Indium 

MSN 

Apache Chemical 


Tin 

MSN 

Apache Chemical 


Gold 

MSN 

Apache Chemical 


Si Iver 

M6N 

Apache Chemical 
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igure iO. Some Metallurgical Properties of Selected Solder Alloys 





















The appropriate amount of each metal was weighed on a Mettler Balance 
and transferred to a 15 x 20 mm quartz vacuum tube having a 12 mm O.D. restricted neck. 
The tubes were then evacuated to a pressure no greater than 5 microns and then sealed 
while under vacuum. The sealed ampules were then continuously coated in a small oven 
for one (1) hour at 500° - 550°C. After this fire period, the tubes were removed from 
the oven and allowed to reach room temperoture. 

The alloys were cast into the dumbbell-shaped samples required for Instron 
stress**straining analysis using a graphite mold. 

To cast the sample, the evacuated tubes were cracked at the top, and quickly 
reheated to 400°C. along with the graphite mold. The mold was removed from the oven, and 
the liquid alloy poured into the mold and allowed to cool to room temperoture. The cast 
sample was then removed from the mold, sanded to remove flashing, ond drilled to accept 
the pins on the Instron machine. All samples were then annealed at 185°C. for 2 hours in 
a vacuum oven followed by overnight cooling in the turned-off oven. A time -temperature 
schedule of the annealing process is shown in Appendix I, Graph A. 

The samples were then submitted for stress/strain analysis in the Instron 
machine. Following these tests, the samples were cut apart and subjected to hardness and 
melting temperature determinations. 

B. Liquidus/Solidus Temperotures 

Liquidus/'solidus temperatures were determined by using a differential 
scanning calorimeter (DSC). These results are listed below. 



- 41 - 


LlquIduySolldus DeferminoMon (DSC) 


Alloy ^CompostHon » Wt» % 


1 15.0 Au - 82.9 Pb - 2.1 Ag 

2 15.3 Au - 84.7 Pb 

3 12.5 Au - 85.0 Pb - 2.5 Ag 

4 32.9 In ‘64.4 Pb- 2.7 Ag 

5 33.8 In - 66.2 Pb 

6 90.0 Pb - 10.0 Sn 


Llquiduv^Solidus Temp.^C. 


199 - 247 
202 - 241 
277 - 303 


Sharp wifh tail 
Sharp 

Sharp with tail 

Broad 

Broad 

Medium wide 


Alloy ^2 is a gold-lead eutectic and thus has a very sharp melting point. 
Adding silver to the eutectic mixture (alloys *^1 and ^3) reduced the melting temperature 
only slightly and produced a small broadening of the melting range. The lead-indium 
alloy ^5 exhibited a rather broad melting range (202 - 241^C) and adding a small amount 
of silver (alloy **^4) expanded this range slightly at both ends (199 - 247°C). The lead-tin 
(alloy ^6) had a medium wide melting range (277 - 303°C) as expected. 

C . Stress/Strain Analysis 


All stress/strain analysis work was performed using dumbbell -shaped samples 
in conjunction with an Instron machine. To supplement the numerical data, a representative 
graph is shown in Appendix I for stress/strain measurements on each alloy. Since three 
somples of each alloy were prepared, individual numbers on the graphs may not agree with 
the value in the data chart, which represents the average value of all readings taken. The 
numerical data is summarized below. 
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Stress/Stroin Ano lysis 


Alloy ^ 

Composition (wt.%) 

Young's Modulus 
X lO^kg/cm^ 

Ultimate ^ 

Tensile Strength (kg/cm^) 

1 

15.0 Au - 82.9 Pb - 2.1 Ag 

200 

383 

2 

15.3 Au - 84.7 Pb 

210 

645 

3 

12.5 Au - 85.0 Pb - 2.5 Ag 

190 (est)* 

340 

4 

32.9 In -64.4 Pb- 2.7 Ag 

91 

290 

5 

33.8 In - 66.2 Pb 

91 

231 

6 

90 0 Pb - 10.0 Sn 

160 

224 


*No real proportional limit from which to calculate Young's Modulus. 

In discussing this data in more detail, refer to Appendix I. Graph shows 

the stresy^strain curve for the lead-indium alloy ^5. By examining the stress/strain curve 

in Graph ^4, it can be seen that the first point reached is the proportional limit, in this 

case 60lcg/:n^. In this region, strain is proportional to stress up to the proportional limit. 

The slope of the stress/strain curve is, by definition, the Young's Modulus of the material - 

in this example 91,000 kg/cm . The next point on the graph is the yield point (200 kg/cm^). 

The region between the proportional limit and the yield point is referred to as the elastic 

region. In other words, if the stress is removed at any point up to the yield point, the 

material should return to its original length. Beyond the yield point, should the stress be 

removed, the material will exhibit a "permanent set". The yield point is arbitrarily defined 

to occur at 0.2% elongation for the purpose of this work. A line “^rawn parallel to the 

proportional region of the curve and intersecting the percent elongation axis at 0.2% then 

defines the yield point of the alloy. However, the arbitrary nature of the 0.2% criterion, 

especially as applied to soft alloys, must be emphasized. The final point on the graph is 

the ultimate te. sile strength or breaking point of the sample and indicates the stress required 

2 

to break the dumpbell-shaped sample into two halves (239 kg/cm in Graph ***4). 


- 43 - 


By comparing ooch of the six graphs, some insight con be gained into the 
nature of each of the materials. In general, the greater the modulus of the alloy, the 
more brittle ts the sample. Far example, all allo>a containing gold tended to be substan- 
tially more brittle than those without gold; thus Graphs ^1, ^2, and ^5 indicate higher 
modulus readings. It may be noted on Graph ^5 that no clearly defined proportional region 
occurred, thus preventing computation of a modulus for this alloy. This lead-gold-silver 
alloy is very "rubbery" in nature and thus has no proportional region. t4ote also that the 
two lead-gold-silver alloys (Graphs and ^5) tend to be more elastic than the lead-gold 
alloy (Graph ^ 2 ) as is evidenced by a greater tangential slope in the elastic region of the 
lead-gold alloy (Graph ^ 2 ) as opposed to the lead-gold-silver alloys (Graphs ^1 and ^ 5 ), 

Comparing ultimate tensile strengths, it can be seen that addition of gold 

to the lead alloys substantially increases tensile strength. The lead-gold alloy ^2 has the 

highest strength reading (^5kg^m\ Addition of silver (olloys ^1 and ’I'S) reduced the 

2 

tensile strength to approximately 340 kg^m. The lead-indium alloy ^5 hod a tensile strength 
of 231 kg^m^ and addition ofsiiverto this alloy increased the reading to 290kg/cm . The leod- 
tin alloy ^6 has a tensile strength of 224 kg/cm , similar to that of tfie leod-indium alloy. 

Some insight can also be gained into the brittleness of the alloys by 
comparing the total percent elongation of the material at the breaking point. These values 
are given in order of decreasing stretch before break in the table below. 

Percent Total Elongation at Breaking Point 


Alloy 

Composition - wt. % 

% Total Elongation at Break Point 

6 

90.0 Pb - 10.0 Sn 

10.0 

4 

32.9 In- 64.4 Pb- 2.7 Ag 

4.0 

5 

33.8 In - 66.2 Pb 

2.5 

3 

85.0 Pb - 12.5 Au- 2.5 Ag 

1.5 

1 

82.9 Pb - 15.0 Au -2.1 Ag 


2 

84.7 Pb - 15.3 Au 

0.9 
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The lead-tin alloy exhibits the greatest strain before breaking. Note that 
odding silver to the lead-indium alloy increased the total percent elongation compared to 
the lead-indium alloy alone. Again, the alloys containing gold hove the least percent 
elongation at break. The silver-lead-gold alloys clearly show more elastic behavior as 
compared to the lead-gold alloy alone. 

D. Hardness Measurements 


All hardness tests are Rockwell Superficial Hardness measurements. The 
Rockwell Superficial hardness test involves applying first a minor load to a hard steel ball, 
of known diameter, into the surface of the metal being tested. Next a major load of 
15, 30, or 45 kg is applied and then released. After a specific time period has elapsed, 
a reading is taken with the major load released, but the minor load still applied. This 
reading represents the difference in penetration between the minor load alone and the minor 
lood after the major load has been applied and released. The larger the number, the harder 
the material. Due to the fact that the largest diameter ball available was3. 18mm, the six alloy 
samples hod to be run using 3 different major load scales. This makes the data more 
difficult to compare. The alloys have been listed below in order of increasing hardness 
based on the data taken. 

Superficial Rockwell Hardness Values 
(3.16 mm Diameter Ball - W Scale) 


Alloy ^ 

Composition - wt.% 

Major Load 

Reading 


6 

90.0 Pb - 10.0 Sn 

15 Kg. 

50 

Softest 

5 

66.2 Pb - 33.8 In 

15 Kg. 

85 


4 

64.4 Pb - 32.9 In - 2 .7 Ag 

15 Kg. 

110 


3 

85.0 Pb - 12.5 Au - 2.5 Ag 

30 Kg. 

80 


1 

82.9 Pb - 15.0 Au - 2.1 Ag 

45 Kg. 

55 


2 

84.7 Pb - 15.3 Au 

45 Kg. 

109 

Hardest 
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ThU tabu gIvM the ralotlv* hardnau of tho ilx allo/t. Alio/ ^6, tho 
Uod-tin combination U tho toffost alloy. Alloy ^5, lood-lndlum It noxt hordott. Addition 
of tilvor Increotot tho hordnou furthor (Alloy ^4). The lood-goldtllvor alloys are noxt 
In lino, with alloy being harder th«i alloy ^3. Finally, tho load-gold binary alloy It 
the hardest material tested. 

E. Conclusions 


The above measurements show the lead-gold binary alloy to be the strongest, 
hardest and possibly the most brittle alloy tested. Addition of silver to this combination 
resulted in a loss of tensile strength, and a gain in softness and elasticity. Addition of 
silver to the lead-indium alloy resulted in an increase in hardness and tensile strength. 

The lead-tin alloy had the lowest tensile strength, was the softest alloy tested and had the 
highest elastic behavior in terms of percent elongation before break. 

Thus, the addition of silver to gold/lead alloys makes the alloys significantly 
softer and more elastic, with only minor changes in the melting points of these alloys. It is 
also expected that, on joining to gold -metallized substrates, the mechanical characteristics 
of the solder bump/gold bonding pad interface will also be similarly modified in a desirable 
manner . 


The ciddition of silver to indium/lead solder bumps is also desiroble. As an 
overplate, silver will both help prevent bump surface oxidation and, when alloyed, should 
improve elongotion properties without affecting melting point significantly. In addition, 
in an analogous fashion to the gold/lead solder alloy, it might be expected that, on joining 
to gold-metallized substrates, the mechanical characteristics of rhe solder-bump/gold 
bonding pad Interface wruld also be similarly modified in a desirable manner. 
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Thus, U eon b« concludtd that sUvar ts o highly dasirabl* conitltuont for 
both gold/load and indium/leod fluxion toldor*bumps . 


Although enough data was not taken to permit optimization of the si Ivor 
content of either alloy, the data does permit solder-bumps with occeptable and desirable 
properties to be defined. 


The doto taken was extrapolated and interpolated somewhat, using engineering 
judgement, to yield the following desired solder compositions for fluxless solder-bump 
metallization (i .e., stated for solder-bumps melted in the absence of a bonding pad, such 
that the precious metal bump coating is homogeneously olloyed into the solder bump). 


Gold/tead/SlIver Solder-flumps 

gold 10-12 wt.% 
lead 84-87 wt.% 
silver 3-4 wt.% 


Indium/lead/Silver Solder-Bumps 

indium approximately 24.5 wt.% 

lead approximately 74 wt .% 

silver approximately 1.5 wt.% 
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VI . FABRICATION OF BUMP CONTACTS ON INTEGRATED CIRCUIT CHIPS 


A. SImuloUd lnt«grot«d Circuit Chlpt 

1. Bose Metallization and Photomask 

a. Fabrication of Simulated Integrated Circuit Wafers 

In order to facilitate bonding and electrical continuity 
testing, simuioted integrated circuit chips were fabricated, to be used for preliminary 
tests in place of eiectrically-complex integrated circuits. The simulated semiconductor 
chip metallization pattern (i.e., one unit of the wafer array) is shown in Figure 11. 

In this very simple circuit, sixteen evenly-spaced bonding 
pads, each 0.1mm x 0. 1mm inarea ore electrically interconnected into pairs. The 
bonding pads are each spaced 0.25mm apart (0.35mm center-to-center) . The simulated 
integrated circuits are repeated on 1.75mm centers. 

Two masks were used In fabricating this circuit. One 
mosk was used for metallization pattern definition, and the other to open 0. 1mm x 0. 1mm 
windows through the surface dielectric passivation film, to expose the bonding pads. 

These simulated integrated circuit arrays were formed on 
3.8 and 5 cm diameter polished single-crystal silicon wafer blanks. 

The general process sequence for the simulated 1C wafer 

fabrication was as follows: 


(1) Thoroughly clean the silicon wafer. 
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7605-45BO-04 


PATTERN STEPPED >^ND REPEATED 
1.76 MM CENTER-TO-CENTER 
ACROSS A 5 CM DIAMETER 


pads 0.26 MM 

01 MMX 0.1 MM (10 MILS) 



Figure 11. Simulated Semiconductor Chip Metallization Geometry 



( 2 ) 


o 

Deposit 2000 A of molybdenum by means of RF 
sputter deposition . 

(3) Apply o negative photoresist circuit mask (747 resist). 

(4) Etch the molybdenum circuit with Mo etchant 
(alkalai ferricyanide) . 

(5) Strip the resist and clean the wafer. 

o 

(6) Deposit 5000 A of silicon nitride by means of reoctive 
RF sputter deposition. 

(7) Deposit 300 ^ of molybdenum over the silicon nitride 
by means of RF sputter deposition (to act as a silicon 
nitride etch mask). 

(8) Apply a negative photoresist window mask (747 resist). 

(9) Etch a molybdenum window pattern with Mo etchant 
(aikalai ferricyanide). Strip the photoresist. 

(10) Etch the window pattern through the silicon nitride 
film using 85% phosphoric acid at approximately 
168°C. for approximately 10 minutes, thus exposing 
the molybdenum pad areas. 

(11) Thoroughly clean the wafer, 
b. Application of the Base Metallization 

An electrical contact to each bump location is required 
in order to build up bump metallization by means of electroforming. This electrical contact 
is achieved by means of a continuous thin metal film deposited over the entire wafer, applied 
as follows: 
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(1) Thoroughly clean the wafer. 

o 

(2) Deposit 300 A of molybdenum by means of RF 
sputter deposition . 

o 

(31 Deposit 12,000 A of copper by means of RF sputter 
deposition . 

The copper film serves gs both on electrical 

conductor for bump electroforming, and os a desirable base metallization for electroforming. 
Copper is the most convenient plating base, from the standpoint of ease of surface prepara- 
tion (i.e., cleaning or "activation") prior to plating. 

A cross-section of the base metallization (not to 

scale) is shown in Figure 12. 


c. Application of the Photomask 

The wafers ore then laminated with Riston 30S dry film 
resist and windows ore opened through the resist at the contact pod areas. This dry film 
photomask, which is approximately 0.074mm thick, restricts subsequent bump metallization 
build-up to the contact pad areas. 

The dry film photomask application process is outlined in 

detail in Appendix II. 


The most critical part of the dry film photomask application 
process, by far, is the opening of clean window areas. The most critical stages in the 
opening of clean window areas are steps 7 and 9 of Appendix II - namely, pottorn printing 
and pattern development. 
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4‘»»>0 o: 


SIMULATED INTEGRATED CIRCUIT 


(NOT TO SCALE) 


SILICON WAFER 



MOLYBDENUM CIRCUIT PATTERN 
( 2000 \) 



SILICON NITRIDE 15000 \) 


MOLYBDENUM ETCH MASK (300\) 


MOLYBDENUM ADHESION LAYER 
1300 \) 

COPPER (12.000 \) 


DRY FILM PHOTOMASK (0 074 mm) 


NOTE 1000 \ - 0 0001 mm 


Btiso Ml' t j I I i t i iIIm* Pf'ot 


I'r’jsk C fi)s >> - Si'L t i on 


Fiviufi' 12. 



For proper printing, two porometers ore important: 


o A well'coliimoted light source, and proper mask 
contact. 

o A correct exposure time-intensity product . 

A standard Kasper mask aligner/printer will provide 
satisfactory light colllmation and mask contact. Correct exposure time-intensity must be 
determined empirically, for proper exposure. 

Proper development is critical in opening satisfactory 
windows. It is absolutely necessary that spray development be used, such that a fine, 
high velocity spray of developer is directed perpendicular to the surface of the photomask. 
It has been suggested that air injected into the spray system might atomize the spray to 
improve fine line definition further. 

A photograph of the base metallization with the laminated 
dry film photomask is shown in Figure 13. 

2. Bump Formation Process 

a. Preplate Process Procedure 

The preplate process procedure is given in Appendix III. 

Rigorously clean window arras are required for good bump 
adhesion. Even though high resolution optical microscopy and electron microscopy did 
not show organic contamination on the floor of the dry film photomasked surface, it was 
found that further cleaning was required in order to achieve satisfactory bump adhesion. 
This cleaning was done by immersing the wafers in a glow discharge within a vacuum 






chamber for about 15 minutes. A single spring*loaded edge clamp to each wafer suspended 
the wafers vertically within the vocuum system, with the photomasked surface directed 
toward the glow discharge source, and provided the electrical connection to maintain the 
wafers ot ground potential. 


A great deal of attention was paid to plating thickness 
uniformity across the surface of the wafers, as determined by measurements obtained by 
cross-sectioning bumps located at different points on the wafers. 

At first, satisfactory uniformity was not obtained. Special 
techniques such as the addition of a concentric plating ring mounted around the periphery 
of the wafers only served to amplify plating thickness nonuniformity. 

Finally, it was found that satisfactory uniformity was best 
obtained with no special fixturing at all, but by masking off the edges of the wafers. 

Apparently, since 95% of the surface area of the wafer is 
masked off by photoresist, and since the approximately 10,000 windows measuring 0. 1mm x 
0. 1mm are well distributed, on the average, across the surface of the wafer, the electric 
field within the plating bath is very uniform across the surface of the wafer when only the 
window areas ore exposed. 


In spite of the small surface area presented by the edge of 
the wafer, it seems to be quite important to mask off these edges, as provided in Appendix 
111, Step A-2. This masking off of the wafer edges results in excellent bump uniformity. 

Application of tope to the back surface of the wafer 
prevents any plating on that surface. 

The final steps outlined in the Prepiate Procedure activates 

•A 

or prepares that surface for plating . 


b. Gold/Laad/Siiver Solder~Bump Procedure 


(1) General process sequence 

The general process sequence for applying gold/ 
leod/silver solder-bumps fo wafers is os follows: 

(a) Cleon the window areas for good bump adhesion. 

(b) Electroplate nickel (0.02Smm thick). 

(c) Electroplate copper (approximately 1 micro- 

lodter thick). 

(d) Electroplate silver (I to 2.25 micrometers thick). 

(e) Electroplate gold (2.3 to 2.95 micrometers thick), 

(f) Electroplate lead (0.045 to 0.046mm thick). 

(g) Strip away the plastic resist film. 

(h) Etch away the interconnecting copper film. 

(i) Alloy the goid/lead/silver solder (60 seconds 

at 350°C in a forming gas or nitrogen atmosphere). 

(j) Etch away the interconnecting molybdenum film. 

(k) Plate conversion gold (2500 angstroms thick). 

(l) Clean the wafer. 

The overall solder composition corresponding to the 
thicknesses and tolerances given In steps (d) through (k) above tronslatcs to 10-12% gold: 

84-87% lead; 3-4% silver by weight. Each bump, when completed, measures approximately 
4 mils X 4 mils X 3 mils high (0. 1 mm xO . 1 mm x 0.075 mm high). 
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(2) Electrofoim Procedure 


The electroform procedure for gold/leod/silver 
solder-bumps is given in Appendix IV, Section A. 

In this procedure, It is importont that the steps 
shown be performed in succession in a single working da/, from the chemical activation 
of the plating surface as described in the final steps of Appendix III to the completion of 
the electroforming procedure, keeping the surfaces to be plated continuously wet with the 
appropriate chemical solution during the process. 

The total plating surface area for the bump windows 

is quite small. For the 5 cm diameter wafers, with approximately 10,000 bump windows, 

2 

the total plating area corresponds to only about 1 cm per wafer, which is equivalent 

to a single opening 1 cm x 1 cm in area. In this work, total effective plating area was 

2 

maintained at about 6.4cm per wafer .toking into account all plating surfaces, including 
the clip used to make electrical connection to the wafer. 

Because of the small total surface area of the contact 
pads, plating current control, and therefore plating rate and thickness control. Is conveniently 
obtained by using a low current regulated power supply. 

It was difficult to reproduclbly maintain the 10-12 
gold: 84-87 lead: 3-4 silver relative composition. The target tolerance windows are as 
follows: 


Metal 

Total Thickness Tolerance 

Relative Thickness Tolerance 

Gold 

0.625 micrometers 

23.7% (or ±11.8%) 

Silver 

0.55 micrometers 

27.8% (or±13.9^'o) 

Lead 

1.25 micrometers 

2.8% (or± 1.4%) 


\ 

f 
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* 
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I 
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i 

I 
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It wos easy to maintain the required thickness 
toleraneas of Hie gold and silver loyers, but the lead thickness tolerance was very 
difficult. In some coses, prior to stripping the photoresist, the exposed lead was back* 
etched in a solution of 2 parts glacial acetic acid + I part hydrogen peroxide (30%) at 
room temperature for thickness adjustment. 

(3) Postplate Procedure 

The postpiate procedure for gold/leod/silver solder- 
bumped wafers is given in Appendix V, Section A. 

Some comment might be made regarding the alloying 
of the gold, lead, and silver layers to form gold/lead/si Iver solder (step V-A-3). Although 
the rote of dissolution and diffusion of gold and silver into molten lead at 350°C was not 
investigated, optical observation of bump cross sections clearly shoved that the alloying 
was complete. Cross sections of unalloyed bumps clearly showed the gold, silver, and 
copper layers, while cross sections of alloyed bumps showed that the copper layer remained 
intact, but with no evidence of the gold and silver layers. However, although these 
observations showed that all of the gold and silver had alloyed, it was not proven that the 
final bump was completely homogeneous in composition. 

The copper layer, whose function is to assure 
adhesion of the solder to the nickel pedestal, measured approximately 1 micrometer 
thick both before and after the alloying at 350°C for 60 seconds. 

The plating time for step V-A-5, the plating of 
conversion gold over the alloyed bumps, is shown as 5 minutes rather than the 20 minute 
plating time actually used in processing these wafers. 


r 


I 
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Using the manufacturer's data, a 20-minute 

plating period was used in processing these wafers. However, subsequent cross-section 
measurements showed the gold thickness to be approximate / 7500 ongstroms rather then 
the intended 2500 angstroms. Accordingly, this plating time has been corrected in 
Appendix V, to give a plating thickness of approximately 2500 ongstroms. 

c. indium/Leod/Silver Solder-Bump Procedure 

(1) General Process Sequence 

The general process sequence for applying indium/ 
lead/si Iver solder-bumps to wafers is os follows: 

(a) Cleon the window areas for good bump 
adhesion. 

(b) Electroplate nickel (0.025mm thick). 

(c) Electroplate copper (approximately 1 

micrometer thick). 

(d) Electroplate lead (0.0336mm thick). 

(e) Electroplate indium (0.0173mm thick). 

(f) Electroplate silver (6900 angstroms thick). 

(g) Plate conversion gcicl (500 angstroms thick). 

(h) Strip awoy the plastic resist film . 

(i) Etch away the interconnecting copper film. 

(j) Etch away the interconnecting molybdenum 

fi Im. 

(k) Clean the wafer. 
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Th« overall solder compodtion corresponding to 
steps (d) through (f) above tronslotes to 24.6 indium: 73.9 lead: 1 .5 silver by weight. 
Each bump, when completed, meosures approKlmoteiy 4 mils x 4 mils x 3 mils high 
(0. 1 mm X 0. 1 mm x 0.075 mm high). 

(2) Electruform Procedure 

The electroform procedure for Indlum/leod/sHver 
soider-bumps Is given In Appendix :V, Section B. 

Comments made in the discussion of the electro- 
form procedure for gold/lead/silver solder-bumps applies here also, with the exception 
of those made regarding composition control. 

The ± 10% tolerances of the leod, indium, and 
silver layer thicknesses were convenient to maintain. 

The very thin gold layer, applied to inhibit silver 
surface tarnishing, is applied using a conversion plating solution. This plating tokes 
place by means of a replacement reaction, and so is self-limiting in thickness buildup. 

(3) Postplate Procedure 

The postp^ote procedure for indlum/lead/silver 
solder-bumped wafers is given in Appendix V, Section 6. 

d. Flux less Solder-Bump Cross-Section Schematics 

Fiuxiess solder-bump cross-sect*ons are depicted in Figure 
14, for both gold/lead/silver and indium/lead/si Iver solder-bumps. The upper two figun 
correspond to the bumps at the completion of the electroform procedures. Th^* lower two 
figures corresponds to the bumps ut the completion of the postplate procedures. 
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3. 


Device Separation 


of v^afer sawing . 


The bumped wafers were separated into individual chips by means 


The wafer sawing procedure used is described in Appendix VI. 

A phonograph of a sowed simulated 1C chip is shown in Figure 15. 

B. Complementory MOS Integrated Circuit Chips 

1. Base Metallization and Photomask 

a. Application of the Base Metallizotion 

Prior to the deposition of the base metallization, the 
wafers were cleaned according to the following sequence: 

o Methanol rinse (nanograde) 

o TCE liquid rinse (nanograde) 

o TMC vapor immersion 

o Methanol rinse (nanogrode) 

o D . I . water rinse 

o Methanol rinse (nanograde) 

o TMC vapor immersion 

The base thin-film metallization applied was as follows: 


(1) 

Chromium 

250 A 

(2) 

99% Aluminum: 1% Coppci 

50U0 1 
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(3) 

95% Nickel : 25% Cobalt Alloy 

2500 A 

(4) 

Copper 

2500^ 

(5) 

75% Nickel : 25% Cobalt Alloy 

1000 A 

(6) 

Copper 

2500 A 


These mel’als were vacuum -evaporated from hot Ft lament 
sources in order to minimize static charge effects. The nickel/cobalt alloy was evaporated 
from an alumino-coated filamen*', the chromium and copper from tungsten filaments, and 
the aluminum from a tantalum filameiit. 

A quar^'z crystal microbalance was employed for film 
thickness monitoring. Wafer temperature at the Initiation of film deposition was 
approximately 150°C. 


In this base metallization proceaure, the purpose of 
applying a thin base layer of chromium Is to help assure good adhesion. The function of 
the aluminum layer is to serve as a metal diffusion buffer between the base aluminum device 
metallization and the nickel pedestal. This layer also prevents the chromium from becoming 
oxidized, which would make the chromium difficult to etch. The addition of copper 
impurity to the aluminum serves to strengthen the aluminum. 

Nickel/cobalt alloy deposits with very little film stress, in 
contrast with the behavior of pure nickel or pure cobalt. High deposited film stress would 
distort or fracture the wafer. 


The intermediate cojiper film serves as a plating base. 
Copper is a good plating base because it is easy to clean. 
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cart, 


The top two layers permit the bose of the photomask 
windows to be cleaned by means of selective etching, prior to ' ■ . ’•oforming bumps, for 
good bump adhesion . These top two layers do not become a part of the final bump structure. 
Aluminum could have been used as the uppermost layer in place of copper. 

Of course, these metal layers also provide the electrical 
contact required for the electroforming of bumps. 

Thus, four source materials are required to deposit the 
base metallization . Four sources are easily accommodated in most vacuum systems. 

A cross-section of the base metallization (not to scale) 

is shown in Figure 16. 


b. Application of the Photomask 

The CMOS wafers were then laminated with Riston 30S 
dry film resist (approximately 0.074mm thick), and windows were opened through the 
resist at the contact pad areas. 


The dry film photomask application process is given in 
Appendix II . This is the same process used for the simulated integrated circuit wafers. 
Special precautions were not taken to protect the wafers from static charge effects when 
applying this photomask, because at this point all sources, drains, and gates are shorted 
together by the base metallization layer applied prior to this step. However, it is known 
that during ordinary dry film processing, considerable static charge is generated when the 
polyethylene film is removed from the resist just prior to lamination, and again when the 
mylar film is removed just prior to pattern development. 

The critical parts of the dry film application process were 
mentioned in Section VI-A-1-c above, and need not be repeated here. 
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CMOS WAFER 

(NOT TO SCALE* 



SILICON WAFER 
ALUMINUM PAD AREA 
SURFACE PASSIVATION (1 4 im* 
CHRO.1IUM(250A) 

ALUMINUM (Cul (5000AI 
NICKEL/COBALT ALLOY (2S00A) 
COPPER (2500A) 

NICKEL/COBALT ALLOY (lOOOAl 
COPPER (2S00A) 

DRY FILM PHOTOMASK (0.074 mm) 


NOTE 1000A « 0.0001 mm 


Figure 16. Base Metallization and PMotomasL Cross '"'ection 
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Bump Formation Process 


a. Preplate Process Procedure 

The preplate process procedure is given in Appendix VII. 

In Appendix Vll-A, Step 2 permits good plating uniformity 
to be achieved. Steps 3 and 4 provide clean window areas. Steps 5 and 7 prepare the 
copper surface for plating. 

b. Electroform Procedure 

The electroform procedure Is given in Appendix IV. 

It is identical to that employed for simulated Integrated 
circuit wafers. The comments made in Sections VI“A-2-b-(1) and (2) and VI“A-2-c-(l) 
and (2) above apply here as well. 


c. Postplate Procedure 


Appendix VIII. 


The postplate procedure for CMOS wafers Is given in 


d. Flux less Solder-Bump Cross-Section Schematic 


The flux less solder-bump cross-sections are depicted In 


3 . 


Device Separation 


The bumped wafers were separated into individual chips by means 

of wafer sawing . 


The wafer sawing procedure is described in Appendix VI. 





VII. ASSEMBLY TO THICK- AND THIN-FILM SUBSTRATES 


A. Substrate Materials ond Interconnect Patterns 


1 . '.nterconnect Patterns 

Two basic circuit patterns were generated, and are shown in Figure 
17. In each case, actual substrate size is 2.54cm x 1.27cm. 

In the first circuit, two flip-chip die ore mounted on each substrate. 
A "finger" pattern consisting of 32 individual traces extends inward from the edge of the 
substrate to each bonded flip-chip bump, thus allowing easy probing for continuity checking 
after flip-chip bonding and environmental testing. 

In the second circuit, eight flip-chip die are mounted on each 
substrate. The interconnection pottem is such that the series continuity of each bonded 
flip-chip device can be examined, as well os the continuity of all eight bonded flip-chip 
die in series (128 bonded interconnections). This pattern also provides for probing for 
continuity checking after bonding and after environmental testing. 

2. Substrate Materials 

Both of the above interconnect patterns were fabricated from both 
thick-film and thin-film conductive materials, as follows: 

a. Thick-film 

(1) Metallization Material - ESL 8835-1 B low 
frit gold , approximately 15 micrometers thick. 
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TWO-CHIP 

SUBSTRATE METALLIZATION PATTERN 



EIGHT-CHIP 

SUBSTRATE METALLIZATION PATTERN 


^• 9 ure 17. Thick and Thin Film Interconnect Pattern 



(2) Substrates - 96% alumina with a 1.25 micrometer 
surface finish. 99.5% alumina with a 0. 1 micrometer 
surface finish (as-fired). 

(3) Processing •• Standard thick-film print and fire, 

b. Thin-film 

(1) Metallization Material - 6 micrometers 

o 

sputtered gold over 750 A of sputtered molybdenum. 

(2) Substrates - 99.5% alumina with a 0. 1 micrometer 

surface finish (as-fired). 

(3) Processing - Standard thin-film photolithography. 

B. Attachment Processes 


Basically, fluxiess solder-bump bonding takes place first by means of an 
ultrasonic tack, using the simultaneous application of ultrasonic energy and pressure at the 
bonding Interface for primary attachment, followed by solder reflow of the solder-bumps to 
form the final bond. 

As part of this evaluation program, many possible bonding schedules were 
investigated. Many different bonding schedules work satisfactorily. 

However, two particular bonding schedules were identified which seem to 
work well for both solder-bump materials: 

o gold /lead/sl Iver solder-bumps 

o ‘ndium/lead/silver solder-bumps 


as well as for both types of bonding pods: 

o thick -film gold bonding pods 

o thin-film gold bonding pods. 

Further bonding optimization probobl/ could hove been achieved by 
development of four or eight custom bond schedules, but it was believed that more con- 
sistent comparative data might be obtained with os few schedules os possible. 

These fluxless solder-bump attach methods were os follows: 


1 . Equipment 


Hughes Model 2906 Ultrasonic Bonder equipped with hot stage 
and nitrogen blanket. 

2. Method I 


Ultrasonic Energy 
Scrub Time 
Clamping Force 
Hot Stage Temperature 


High Power Setting (1) 
260 ms 
150 gm 

250°C 


3. 


Method II 


High Power Setting (1.0) 
380 ms 
120 gm 


Ultrasonic Energy 
Scrub Time 
Clamping Force 
Hot St"?ge Temperature 
Subseqeunt 3ump Reflow in Nitrogen or 90% N2/I0% H 2 

Reflow Furnace Temp. 300°C 


183°C 
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Using Method I, both gold/leod/silver and indiuin/iead/sMver solder'* 
bumped chips were attached to thick-fllm gold pods and thin**f{lm gold pods. 

The some was also done using Method II . It is believed that a 300°C . 
reflow temperature was needed for Method II because the gold bump overcoat on the gold/ 
lead/si Ivor bum|rs was applied to a thickness of approximately 7500 angstroms rather than 
the desired 250C angstroms. The higher temperature was then required to alloy the higher 
concentration of gold into the gold/lead/siiver bumps. If the gold overcoat thickness had 
been 2500 angstroms, a 250^C. reflow furnace temperature should have been adequate. 

As it turned out, more chips were attached using Method I than for Method II . 

In this program, a Hughes Model 2906 ultrasonic bonder was used, although 
this mochine Is no longer In production. However, the Unltek Corporation (Monrovia, CA) 
does offer a current production machine. Model ^8-149-01-02 Flip-Chip Bonder, suitable 
for either ultrasonic or thermocompression bonding. Both the Hughes and the Unitek machines 
feature a dual-view mirror system, which permits the operator to or<ant the chips face-down 
on the mirror, and yet view the face of the chip for proper orientation for manual bonding. 
The chips are manipulated from their back side by means of a vacuum chuck. 

The ultrasonic attachment process is simultaneously dependent upon the 
following parameters: hardness of the solder, clamping force (pressure), ultrasonic vibration 
frequency and omplitude, dimensions of the bumps, number of bumps, ho-dness of the bonding 
pad, the metallurgical nature of the bonding Interface, the surface ch<?racteristics of the 
bonding Interface, and the temperature of the bonding interface. 

Subsequent solder reflow, when employed, was done in a tube furnace in 
a nitrogen or forming gas atmosphere. 

No flux whatsoever was used in any port of these bonding processes. 
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To demoi>strate solder reflow temperature latitude, both gold/leod/silver* 
bumped devices and indium/leod/stiver-bumped devices, bonded to gold pads, were 
stored in a furnace at 350^C for one hour. No evidence of gold bond pad leaching was 
observed on the basis of bond shear tests and visual observation of the sheared bon«t area. 
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VIII . BOND QUALITY AND RELIABILITY 


A. Introductory Discussion 

The bond quality and reliability of flux less solder-bumped simulated 
integrated circuit chips, bonded to thick- and thin-film gold pods, were tested. The 
environmental test conditions were: 


o 10,000 G and 15,000 G centrifuge, 
o 10 temperature cycles from -65°C to +150°C . 
o High temperature storage at +150°C up to 800 hours. 


Testing consisted of: 

o visual examination and characterization 

o electrical continuity measurements 

o bond shear strength measurements (destructive). 


Both gold/lead/si Iver and Indium/lead/si Iver solder-bumped devices were 
tested. An advantage of evaluating bumps of two different solder compositions is that a 
comparison between two different sets of data might be made, which could help clarify 
the meaning and the implications associated with that data. 

All of the simulated 1C solder-bumped chips tested were taken from a single 
gold/leod/si Iver-bumped wafer and a single indium/leod/silver-bumped wafer. 


Over 1000 solder-bumped chips were tested. 
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Th« bond interface visual characteristics are best examined by viewing the 
edge of the chip through a microscope (i.e., with the substrate turned on it's side, such 
that one con look at or through the space betwoen the bonded chip and the substrate). 

Viewed in this manner, the bond itself can readily be seen The bonded bump looks like 
an unbonded bump with the exception of a slight widening at the substrate interface which 
looks much like a liquid meniscus. The appearance of this meniscus is a good indication of 
proper wetting, and thus of good bonding. 

Electrical continuity was measured by means of a two-point probe and a digital 

ohmmeter . 


Bond shear strengths were measured with a calibrated hand-held shear tester, 
B. Centrifuge 


All of the bonded devices which were environmentally ^«sted were first 
subjected to 10,000 and 15,000 G tensile centrifuge In a Centrisafe centrifuge machine. 
The results were as follows: 

o No chip debonded . 

o No change in 

- Visual appearance . 

Electrical continuity. 

Bond shear strengths. 

This result is perhaps not surprising. The bumped chip weighs only about 
0. 15 milligrams. Thus, 10,000 G's would exert only about 15 grams of tensile force on 
the chip, or less than one gram per bump. 15,000 G's would exert about 1.5 grams per 
bump. However, typical bond shear strengths (which roughly approximate tensile strengths^ 
average in the neighborhood of 10 grams per bump. Thus, 10,000 to 15,000 G's is not 
sufficient to affect the bond. 
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C. Thermal Cycle 


Thermal cycle conditions were 10 cycles, from -65°C to +I50®C, with a 
15 minute dv all. An automatic Blue M thermal cycling oven was used. 

The results were as follows: 


Bump Material 

Attach Method 

Average Shear 
After Bond 

1 nd 1 um/lead/ si 1 ver 

1 

240 grams 

Indium/lead/si Iver 

2 

180 gram.; 

Gold/lead/silver 

1 

160 grams 

Gold/lead/si Iver 

2 

145 grams 


Average Shear After 
Temperoture Cycle 

200 grams 

170 grams 

145 grams 

135 grams 


Both Immediately after bonding and after thermal cycle, the bonds were 
examined visually and electrical continuity was tested. 

After thermal cycling, there was no change in visual appearance or In 
electrical continuity for any of the bonded devices. 


Thermal cycling tests the ability of the solder to accommodate any difference 
in thermal coefficient of expansion between the flip-chip part and the substrate. 

The thermal coefficient of expansion of 99.5% alumina is 6.6 x 10 ^ per 
C° ; that of silicon is 2.6 x 10 ^ per C.° Thus, the magnitude of the disparity Is 4.0 x 10 ^ 
per C.° Thus, for a silicon chip measuring 5mm on a side (7.07mm diagonally), and for 
a total temperature excursion of 315**C.(l.e., +250°C. bonding temperature, low temperature 
swing of ”65°C.), the total worst case displacement would be obout 0.0089mm diagonally, 
which corresponds to a relative displacement of approximately 0.0044mm for eocli diagonal 
bump. This is to be compared *^o a typical bump width of approximately 0, 1mm. However, 
soft bumps relax after cooling to room temperature following bonding. As a result, when 


temperature cycling from -65*^C. to +150°C., the effective relative displacement would 
correspond to only about 0.003mm for each diagonal bump (which is worst-cose), for the 
example discussed above, which amounts to about 1.5% of the bump width. Soft solders 
can readily accommodate displacements of this small magnitude. 

Flip-chip bumps are, of course, increasingly compliant as bump height is 

increased . 


The more ductile solders are well able to withstand temperature cycling 
without damaging either the solder joint or the semiconductor chip, for the bump dimensions 
and solder-bump materials used here. 

Thick- and thin-film substrate bonding pods after device shear tests are 
shown in Figures 18 and 19. The bonds shear either at the silicon surface, at the solder/ 
pedestal interface, or at the bonding pod. The first two shear modes show up well on the 
photographs, but the separation at the bonding pod does not. Under proper illumination, 
the footprint ot the bonding pad shows up very well as an alloyed area. 

D . High Temperoture Storage 

Ek>nded devices were stored at +150°C. in a circulating hot air oven. 
Periodically, the bonded devices were removed from the oven, visually Inspected, 
electrically tested, and a number of the bonded devices were destructively shear-tested. 
The remaining devices were then returned to the oven. 

These bonded devices were destructively shear-tested at 0 hours, 48 hours, 
194 hours, 500 hours, and 800 hours. The results are shown irt Figure 20. 
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Figure !9. Thin Film Mo/Au Substrate Metallization 
After Device Shear Tests 




This graph combines the data for both thick-film gold 'ubstrotes and thin-film 
gold substrates/ because no appreciable difference in bond sheer strengths could be seen for 
thick- and thin-film gold bonding pads. 

However/ there is a difference for the two solder alloys and for the two bonding 

methods. 


It is believed that the poorer result shown for the gold/lead/si I ver solder 
alloy Is due to the overly thick gold overcoat which was applied over the bump - 7500 ang- 
stroms rather than the intended 2500 angstroms. This overly thick ovf’-coat probably inhibited 
proper solder bump alloying to the bonding pads. It was observed that/ during shear testing/ 
most of the goid/lead/silver solder-bumps separated at the gold bonding pads, rather than 
shearing silicon. 

After 800 hours at +150°C./ the indlum/lead/silver solder-bumped chips 
sheared at an average of about 160 grams and 100 grams, depending on method of attachment, 
while the gold/lead/si Iver solder-bumped chips sheered at an overage of about 60 grams. 

For the Indium/lead/si Ivrr solcor-bumps, ofter 800 hours there appeared to 
be some visual changes at the solder/pedestal interface, possibly associated with the 
intermedioie copper layer. 

In addition, the solder/tonding pad interface appeared to b© somewhat more 
grainy for the aged indium/lead/si Iver solder joints. The visual appearance of these joints 
was somewhat similar to that found in the Indalloy ^7 joining work reported in NASA TM 
X-64937 (Caruso & Honeycutt, "Investigation of Discrete Component Chip ^'.ounting 
Technology for Hybrid Microelectronic Circuits"). 

There was little change in the visual appearance of the gold/lead/si Iver 

solder joints. 
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During the 800 hours of high temperature storage, electrical continuity 
test results were as follows (loss of a single electrical contact in a device was considered 
to be a failure): 


indium/iead/si Iver: 

Method 1 - 

0/160 


Method II - 

1/128 

Gold/lead/si Iver 

Method 1 - 

4/128 


Method II - 

2/122 


E. Concluding Discussion 

These tests have shown that the bonded devices wi^hstond centrifuge and 
thermal cycle very well. 

The electrical continuity test data correlates with the bond shear strength 
trend in high temperature storage. 

The gold/lead/silver-bumped chips showed a relatively high failure rate for 
electrical continuity. However, as discussed earh’er, this result can probably be explained 
by the overly thick gold overcoat on these bumps, which probably inhibited proper solder 
alloying to the bonding pads. 
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IX . CONDUCTIVE EPOXY ASSEMBLY 


A. Conductive Epoxy Attochment 

Fluxless solder-bump flip-chips from the some lots being tested for ultrasonic 
ottochment/solder reflow assembly os described above, were attached to thick-film gold 
pads by means of conductive epoxy in order to assess the feasibility of this type of inter- 
connection. Attachment to thin-film gold pads by means of this technique would be con- 
sidered 0 simpler, more straightforward assembly then for attachment to thick-film. 

ESL 8835-1B low frit thick-film gold pads were used. The epoxy material was 
EpoTek H44 gold epoxy and H31D silver epoxy, applied by means of screening through a 
200 mesh screen . The thickness of the screened epoxy was just under 25 micrometers. 

The precious metal coating on the solder-bumps was expected to allow a 
good electrical contact to be made to the epoxy interface. 

The chief problem experienced was associated with screening 0. 1 or 0. 125mm 
epoxy lines on 0.25mm centers using the EpoTek H44 gold epoxy material. Accordingly, 
the H31D silver epoxy was screened onto the bonding pads for this investigation. 

For device manipulation, a K S model 576 beam-lead bonder was used, 
but only for device placement using the vacuum pick-up feature for this bonder; no 
mechanical scrub was used. Following device placement, the epoxy was cured at 150°C 
for 45 minutes. Chips with both gold-coated gold/lead/silver solder-bumps and silver- 
coated indium/lead solder-bumps were bonded. 

The contact resistance of an epoxy-bonded bump, measured with a 2-point 
probe, indicoted a resistance of about 50 milliohm (uncorrected). However, since the 
probe contacts themselves would be expected to contribute about 50 milliohms of resistance. 
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if can be concluded fhaf the contact resistance of the epox/~bonded bum^ is negligible for 
microelectronic applications. 

The epoxy**bonded chips were not affected by 10,000 G or 15,000 G 
centrifuge, and were negligibly affected by temperature cycling. 

A limited number of chips were subjected to storage at +150°C., and 
samples were sheared at 0 hours, 48 hours, 194 hours, 500 hours, and 800 hours. The 
results are shown in Figure 21. Bond shear strengths are quite high, averaging more than 
160 grams after 800 hours . 

No electrical contact was lost to any of the chips tested up to 800 hours. 

Thus, conductive epoxy attachment can be used as an alternative to 
uitrasonic/solder reflow attachment for these bumped devices. 

To optimize the bumps for conductive epoxy attachment, it might be 
recommended that the bumps be designed to extend to the edge of the chip, or somewhat 
beyond the edge of the chip, to allow for easier, more accurate alignment during chip 
placement and improved visual inspectabili^y after bonding. In addition, bumps 0. 125 or 0. 15 
mm high would probably also be advantageous (formed with *he aid of a double thickness of 
dry film resist), in combination with the bump extension to somewhat beyond the edge of 
the chip. Finally, the metallurgy of the bump could be modified somewhat. Although the 
fluxless solder-bump compositions work well, the bump metoilurgy could be simplified if it 
is limited to conductive epoxy attachment. Such a simplified bump might consist of a 
nickel pedestal layer comprising the lower half of the bump, and a soft gold layer comprising 
the upper half of the bump. 
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B. ConducMve Epoxy Bump> 


A brief exploratory investigation was conducted to determine whether it 
might be possible to form conductive epoxy flip~chip bumps by means of squeegee appMca-' 
tion of the conductive epoxy into windows in thick dry film resist. 

Riston 30S dry film resist was applied to a silicon wafer and a flip-chip bump 
photomask pattern was developed, consisting of an array of windows in the resist measuring 
0.1mm X 0.1mm in area and approximately 0.074mm deep. H44 conductive gold epoxy was 
then applied to the photomask by means of a Fresco thick-film printer. It was observed 
that the windows filled very nicely, but afSer about an hour some settling had occurred, 
such that the photomask cavities were not quite full. After the one hour settling period, 

H44 conductive gold epoxy was again applied by means of the squeet'^e, thus re-filling the 
openings, and the epoxy was cured at 125®C for 1.5 hours. When the photomask was 
stripped, it was observed that well-formed epoxy bumps, about 0.1mm x 0.1mm in cross-section 
and approximately 0.074mm high had been formed. Bump adhesion was p^/or in this experiment 
because no attempt had been made to clean out the windows before application of the epoxy 
material . 


This technique was most impressive with respect to the speed and ease with 
which the bumps were formed. 

Regarding the electrical resistance of epoxy bumps, a calculation shows 
that an epoxy bump, comprised of H44 gold epoxy and meas'/rlng 0.1mm xO. 1mm in cross- 
section and 0.15mm high, would have a resistance of 0. 12 ohms. This is the same resistance 
as a 25<vm-diameter aluminum wire about2.2mm long. This resistance is quite tolerable 
for almost all microelectronic applications. The electrical resistance of silver epoxy is, 
in general, less than that of gold epoxy. The electrical and thermal conductivities of the 
more highly conductive silver eooxies approxima ''3 those of the metal bismuth. 
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A candidate epoxy bump process sequence might be os follows: 

1 . Apply o thick-film photomask (0.1 to 0. 15mm thick) to the wofer. 

2. Cleon the window areas. 

3. Apply o vacuum -deposited thin-film coating over the wafer, 
coating the aluminum pad areas (e.g,, chromium, aluminum, 
nickel/cobalt alloy, very thin gold). 

4. Fill the window cavities with conductive gold or silver epoxy, 
using conventional thick-film printing equipment. 

5. Cure the epoxy. 

6. Strip the photoresist, and clean the wafer. 

7. Saw the wafer into ciiips. Clean the chips. 

8. Die attach using conductive epoxy. 

The bumping procedure is shown in a cross-sectional schematic in Figure 22. 

The purpose of the vacuum-deposited thin-film is to serve as a buffer between 
the aluminum device metallization and the conductive epoxy material. 

Epoxy attach would be done by either screening conductive epoxy onto the 
bonding pads, or by means of an epo. y transfer technique, carried on the epoxy bumps. 
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SILICON WAFER 






It ii anticipated that the two chief problems to be resolved during such o 
process development program would be: 

o Cleaning of the window oreos for good adhesion . 

o Protection from static chorges during processing. 

if the surface passivation oxide layer is not etched prior to resist application^ 
both of the above might be solved in one step. The intact surface passivation layer would 
help protect the devices from any static charge, and clean window areas could be achieved 
by etching the windows in the surface passivation layer following development of the photo- 
mask (in Figure 22 , after Step 1 and before Step 2). This procedure has the advantage that 
a photomasking step is eliminated; the passivation layer window etch mosk is combined with 
the flip-chip bump mask. 

If windows are already present in the oxide passivation layer, a duplex 
photomask might be employed to help with window cleaning and static protection; first, a 
thin-film of negative resist such as 747 or 752 applied by means of spinning, and then a 
thick dry film resist layer applied over the thin-film resist. A single printing and develop- 
ment would be done for both resist layers. 

Since the dry film resist does net need to withstand olkaline plating solutions 
for epoxy bump processing, a semi -aqueous-soluble thick dry film resist might be employed, 
such as duPont M818, which develops more cleanly and easily . M8I8 is only 0.05mm 
thick, but c double or triple thickness could be used. 


X. 


APPLICABILITY TO VARIOUS DEVICE TYPES 


It was desired to demonstrate that fluxiess solder>bump technology con be applied 
m several types of devices, including PNP, NPN, CMOS, SOS, etc. 

Of these device Npes, MOS devices are by far the most sensitive to such processing 
because of their sensitivity to static electricity. Accordingly, CMOS wafers were chosen 
for processing os port of this program, to demonstrate applicability to the most demanding 
integrated circuits. 

Three eiectricaily-tested CMOS integrated circuit wafers were purchased from 
National Semiconductor, of the type shown in Figure 23. 

The IC's are Notional Semiconductor MM4601 quadruple two-input NOR gates, as 
described in National's specification shown In Figure 24. 

These CMOS 1C devices each have 14 bonding pads, which are approximately 
0.088 x 0.088mm inareo. Device center-to-center spacing on each wafer is approximotely 
0.84mm x 1.32mrr . 

Before the CMOS wafers were cleaned they were photographed, because the 
cleaning process removes the ink present on the wafers which identifies those devices which 
are nJt electrically acceptable. This ink is readily soluble in methyl alcohol. After 
processing, the photographs were used to help identify electrical ly-good devices on the 
wafers . 


Photographs of the wafers processed are shown in Figures 25, 26 and 27. 



N AND P CHANNEL ENHANCEMENT MODE DEViCE (16 PER 1C) 
DEVICE CENTER-TO-CENTER SPACING: 

0.84 MM X 1.32 MM (33 MILS X 52 MILS) 

14 BONDING PADS PER 1C 


Figure 23* CMOS Wtifer 
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The window mask for the CMOS wafers was obtained from Notional Semiconductor. 
However, the window mask was more complicated than was needed, in that an undesirable 
grid patternof0.075mmwldescrlbtng lines woi incorporated into the mask, in addition to the 
desired bonding pad window areas. After an attempt was made to l>tank out this grid pattern, 
it was decided that it would be easier to re-moke the mask, with its simple pattern of 
fourteen bonding pads per device. The Iwork was done at ATI, and the photoreduction 
and step-and-repeat was done at Micromosk In Sunnyvale. 

The wafers were processed as described in Section Vl-B above. 

The wafers were bumped with the indium/lead/siiver bumps for two reasons. First, 
the gold/lead/si iver bumping process requires exposing the passivation layer to the conver- 
sion gold plating bath. The commercial plating bath used contains potassium ions, it is 
not desirable to expose MOS devices to such an environment containing alkalai metal ions. 
While it is possible to prepare an alkalai ion-free conversion gold plating path, such a 
solution was not readily available. The second reason was that the goid/lead/silver process 
requires an alloying step at 350*^C., whereas no elevated temperature pre-alloying step 
is required in the indium/lead/silver process. 

The test parameters measured were: 

o Data output swing (0, 1) 

o Data input threshold 

o Data input capacitance 

o Propagation delay (0, 1) 

The first two CMOS wafers processed and tested showed no data output from any 
of the devices. 


Th« third waftr wot hondlod much moro eorofully. In porticulor, ttottc oloctrictty 
from tho dry film lamination stop wot tutpact. Tha third wafer wot haatod on a hot plot* 
within a laminar flow bench, with a grounded aluminum plate interposed between the wafer 
and the hot platOt The dry film resist wot cut into a circle, and the polyethylene film was 
peeled off. The exposed resist wot brushed with on anti-static brush, and then the resist 
was brought into contoct with o cleon grounded aluminum surface for about 15 minutes. 
Finally, the resist was laminated onto the silicon wafer on the hot plate with the aid of a 
grounded aluminum rod used as a roller, ond the assembly was removed from the hot plate. 

This third wafer produced some electrically good chips, but the yield was low. 
Clearly, more work must be done to define improved handling procedures, it is not certain, 
for example, that the modified dry fiim resist lamination procedure was responsible for the 
improved handling. 
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XI. FLUX LESS SOLDER-BUMP CONTACT TECHNOLCX^Y EVALUATION WITH 
RESPECT TO DEFINED CRITERIA 


A. EvoluoHon with R»>p«ct to the Seven CrltTlo 

1. Reliability of Electromechanical Interconnection of Semiconductor 
Chips 

The solde: 'bump alloys tested are metallurgically compatible with 
gold and other common precious metal bonding surfaces. Neither scavenging nor the 
formation of undesirable intermetalllc phases takes place at the bonding surface. 

The entire bonding process is imptemented without the use of flux, 
thus providing contamination control. This is important, because it is exceedingly difficult 
to assure the reliable removal of all traces of flux residues after soldering, especially in the 
close spacings between bonded devices and substrate; these flux residues can lead to device 
degradation and failure. 

Centrifuge, temperature cycling, and high temperature storage 
data have demonstrated the high reliability of electromechanical interconnection, esp< daily 
for irdium/lead/silver-bumped chips bonded using Method I. It is expected that goid/lead/ 
silver-bumped chips would exhibit the same high electromechanical interconnection 
reliability with a thinner gold overcoat layer. 

2. Low Cost Processing 


It has been demonstrated that the fluxless solder-bumping process 
can be performed with no more than a single photomasking step. Competing processes 
require no less than two photomasking steps. The photomasking Of>)ration is generally the 
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•ingi* moi^ •xp«nilv« •l•ln•nt in batch-procMMd production^ ond tho number of required 
photomosking step* ii widely employed In Judging process complexity* 

in oddition, neither solder pods nor solder doms nor the ooplicotion 
of flux nor the removal of flux residue is required for ioining, thus reducing process 
complexity ond cost. 

3. Implementobiiity by Both Manufacturers of Semiconductor Products 
and Purchasers of Those products 

Flip-chip device processing is more implementoble by both manu- 
facturers and users of semiconductor products than either beam-lead or beom-tope technology. 
Because of it's relative process simplicity, fluxless solder-bump technology is more readily 
implementoble than any competing solder-bump flip-chip technology. The basic equipment 
required is as follows: 

o Thin-fllm vacuum evaporation station, 

o Mask aiigner/printer in a light-controlled area, 
o Spray deveic;>. mt tank. 

o Plating power supply, assorted electrodes, plating solutions 

and inexpensive plating vessels. 

o Dry nitrogen/hot air oven . 

o Wafer dicing saw. 

o Microscope. 

o Flip-chip bonding machine. 

Special tooling consists of a window mask. Device layouts 

currently in production, in inventory, and on the drawing boards can be processed as 
described herein. Flip-chip bumps can be readily applied to the latest high performance 



d«vieM from ony Mmlconduetor dovtco monufoeturtr. 


Whon purchcKing wofon, eorttldorotioni of port c|uollty control ond 
quolity rosponiibtiity could oriio. Howovor, It ahould not bo much inoro difficult to 
purchoto good wofori thon to purchoto good looio dto in this regard. 

4. Compatibility with Available Bonding Equipment and Materia k 

Suitable flip-chip bonding equipment it readily commercially 
available - notably the Unitek Model 8-149-01-02 flip-chip bonder. 

5. Economy for Both Large and Small Volume Production 

Because of its relative process simplicity, processing is more 
economical than competing technologies for both large and small volume production. 

Regarding minimum quantity requirements, it is estimated that os 
few os o dozen wafers could be processed economically. However, the epoxy bump process 
explored briefly os part of this program must be unexcelled for low cost, low quantity 
processing . 


6. Adaptaoility to Automatic Procedures 

During attachment of devices to substrate bonding pads, all required 
mechanical and electrical interconnections to the devices are achieved in a single con- 
venient, low-cost, reliable gang-bonding operation. Special tooling is not required to 
handle each device size. 
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BtcouM of tho phyiteolly oceostoblo but ruggod noturo of the 
f|{p*eh(p terminoU^ d<?^'ice pre-totttng emd ottoehment is very compatible with relatively 
simple outomoted processing equipment. In addition, bumps with mognetic properties ore 
readily provided to facilitate chip handling and storoge. 

it is possible to completely automate the entire flip-chip bonding 
process, including flip-chip die orientation, flip-chip die testing ond classification, and 
flip-chip die bonding. Device bum-in could be similorly outomoted. 

7. Compatibility with o Large Number of Bump Contacts Per Chip 

Using the processes ourlined, it is possible to form 0. Imm 
diameter bumps on 0.2mm centers. Thus, for example, a chip measuring 5mm on a 
side could accommodate nearly 100 bump contacts. 

s 

We 1 1 -con trolled bump dimensions result from the process of forming 
bump metallization through windows in th!^k dry film resist - a simple, effective, low- 
cost technique. 


XII. CONCLUSIONS AND RECOMMENDATIONS 


Th« fluxiMs loldcr'bufnp maUrlolt and bonding tochnlquoi ovaluotod hove proven 
to be on elfectlve method for chip joining. The Indium/leod/illver solder^bump process 
seems to be easier to Implement than the gold/leod/sllver process, and it appears to form 
joints which moy be more reliable. 

However, the conductive epoxy bump process represents o new technology which 
also holds much promise. 

Some potential advantages of the conductive epoxy bump process ore: 

o Simplified process. Fewer, foster, eosier steps. 

o Essentially on olUadditive process. Cleaner, easier. Minimum pre-cletining 
required (con leave marking ink intact). 

0 Lowest temperature processing . 

Development of this process should include the following tasks: 

1 . develop techniques for fonning reliable conductive epoxy bump contacts. 

2. Evaluate the feasibility of extending bumps to the edge of the chip for ease 
of alignment and bond inspection. 

3. Define reliable bump contact and die attach materials and techniques. 


4. 


Environmentally test conductive epoxy bumped and bonded CMOS devices. 
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GRAPH A 
GRAPH #1 
GRAPH *2 
GRAPH #3 
GRAPH 
GRAPH ^5 
GRAPH #6 


STRESS/STRAIN CURVES FOR SELECTED SOLDER ALLOYS 


ANNEALING OF METAL ALLOY SAMPLES IN VACUUM OVEN 
STRESS/STRAIN CURVE FOR 82.9% Pb - 15.0% Au - 2. 1% Ag ALLOY 
STRESS/STRAIN CURVE FOR 84.7% Pb - 15.3% Au ALLOY 
STRESS/STRAIN CURVE FOR 64.4% Pb - 32.9% In - 2.7% Ag ALLOY 
STRESS/STRAIN CURVE FOR 66.2% Pb - 33.8% In ALLOY 
STRESS/STRAIN CURVE FOR 85.0% Pb - 12.5% Au - 2.5% Ag ALLOY 
STRESS/STRAIN CURVE FOR 90.0% Pb - 10.0% Sn ALLOY 


/Goa 4&&0 c>; 


TIME IN OVEN (HOURS 


Graph A. Annealing of Metal Alloy Somples in Vocuom Oven 
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APPENDIX H 

DRY FILM PHOTOMASK APPLICATION PROCEDURE 
SIMULATED INTEGRATED CIRCUIT WAFERS 


1. CiMn th« wafart (TMC vapor dagrooM, Dl water rinse, isopropyl alcohol boil 
(pull out slowly). 

2. Place the wafers on a metal sheet carrier which Is covered with o teflon film. 

3. Mount a roll of Riston 30S dry film photoresist on the upper roller, and mount a 
roll of photocopy paper on the lower roller of a duPont HRL**24 lamlnator. 

4. Pre-heot the duPont HRL-24 lamlnator rolls to I04°C. , and the wafers to 140**C. 

5. Lomlnate the dry film photoresist onto the wafers at a speed of 1.7 cm/second 
automaticolly peeling away the polyethylene surface film from the resist Immediately 
prior to lamination. 

6. Cut out the laminated wafers from the carrier. Let the wafers cool for at least 
one hour. 

7. Align the mask pattern to the wafer, and print the mask pattern onto the laminated 
dry film resist (approximately a 25-second exposure using a Kasper mask aligner/ 
printer). Let the wafers sit for at least one hour. 

8. Peel off the mylar protective Him to expose the photoresist surface, and mount 
the wafers onto a holding fixture. 

9. Place the wafers in a jet spray of i, 1, 1-trichloroethane developer at room tem- 
perature, such thot the spray li directed against the surface of the photoresist. 

Spray develop for 120 seconds. 
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APPENDIX II - (Continual) 


10. After tpro/ d«v«lopmtnf, immtdiotely tmin«rM tht ports In o tank of liquid 

1,1, 1-triehloroothono ot room temporoturo for 10 socondi, using monuol ogitation. 

1 1 . After dip dovolopmont, Immodlotely rin;*# tho wofors in o wotor sproy ot room 
temporoturo. Aftor 20 soeonds of oxposuro to tho wotor sproy, dry tho wofors with 
o (ot of filtorod dry oir or nitrogon. 

12. Post~boko tho waters in o circuloting hot clr ovon ot 93^C. for 15 minutos. 
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APPENDIX III 

PREPUTE PROCESS PROCEDURE FOR SIMULATED INTEGRATED CIRCUIT WAFERS 


Prtplol* Pt^octdur* 


Apply plotpr't top* to tho bock lurfaco of tho wofor. 

Moik odgoi with Shiploy AZ-119 rotlit or oqutvolont. 

Ion mill or Ion bombard for opproxlmotoiy 15 minutot (argon ^ 10 ^ torr rang*). 

Immoreo In Noutro Cloon 68 (seo B1 bolow) for 5 minutM^ agitating about 
15 Mcondi oach timo. 

RInto thoroughly In a spray D . I . wator rinso . 

Immorso in 20% sulfuric acid solution (soo B-2 below) for 15 to 30 seconds, 
with continuous ogltation . Do not rinse; immediately transfer the wafer 
into the first plating solution . 


Preplate Chemical Solution Parameters 


Neutra Clean 68 

Manufacturer: Ship Company 

(1) Concentration: 100% 

(2) Temperature: Room 


Sulfuric Acid Dip 

(1) Concentration: 20% H 2 SO^ by volume 

(2) Temperature: Room 




APPENDIX IV 

ELECTROFORM PROCEDURE 

GOLD/LEAD/SILVER SOLDER-BUMPS AND INDIUM/UAD/SILVER SOLDER-BUMPS 


A. EUctroform P>foc«duf for Golc(/L»oij/Sllvr SoldT-Buinp$ 

(NOTE: It Is MMnttal that th« plating surfaces proparly conditioned or 
described in the appropriate Preplate Procedure, immediately prior to using 
this electroform procedure.) 


1. Nickel Plate - (Plating Solution IV-C-1) 



Plating Time: 

Approximately 1 hour 45 minutes 


Current Density: 

4.2 amps per square foot (4.5 ma/cm ) 


Thickness: 

1 .0 mil* .i 0. 1 mil (25 micrometers ±2.5 micrometers) 


(NOTE: A micrometer may be employed to old nickel plating parameter 
calibration.) 

2. 

D. 1 . water spray rinse . 


3. 

Copper Strike - (Plating 

Solution IV-C-2) 


Plating Time: 

60 ± 10 seconds 


Current Density: 

2 

8.3 amps per square foot (8. 9 ma/cm ) 


Thickness: 

. .pproximately 40 microinches (1 micromeHr) 


4. 

D . I . water spray rinse . 


5. 

Silver Plate " (Plating Solution IV-C-3) 


Plating Time: 

55 ± 5 seconds 


Current Density: 

1 .9 amps per square foot (2 .04 ma/cm ) 


Thickness: 

68 to 90 microinches (1.7 to 2.25 micrometers) 
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APPENDIX IV - (Continutd) 


6. 

D . 1 , water spray rinse . 


7. 

Gold PMe - (Plating Solution 

IV-C-4) 


Ploting Time: 

Approximotely 19 minutes 


Current Density: 

0.8 amps per square foot (0.86 mo/cm ) 


Thickness: 

93 to 118 microinches (2.3 to 2.95 micrometers) 


8 . D . 1 . water spray rinse . 


9. Lead Plate - (Plating Solution 

IV-C-5) 

Plating Time: 

Approximately 2 hours 20 minutes 

Current Density: 

5 amps per square foot (5.4 mo/cm ) 

Thickness: 

1 .79 mils ± 0.02 mils (4.55 ±0.05 micrometers) 


10. D.L wai’er spray rinse and nitrogen dry. 

E lectrofonn Proc ed ure for Indium/Lead/Silver Solder-Bumps 

(NOTE: It is essential that the plating surfaces be properly conditioned as 
described in the appropriate Preplate Procedure, immediately prior to using this 
e lectroform procedure . ) 

1. Nickel Plate - (Plating Solution IV-C-1) 

Plating Time: Approximately 1 hour 45 minutes 

2 

Current Density: 4.2 amps per square foot (4.5 mq/cm ) 

Thickness: 1 .0 mil ±0.1 mil (25 micrometers ±2 .5 micrometers) 

(NOTE: A micrometer may be employed to aid nickel plating parameter 
calibration.) 
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2. 

0.1. water spray rinse. 


3. 

Copper Strike - (Plating 

Solution IV-C-2) 


Plating Time: 

60 ± 10 seconds 


Current Oensity: 

8.3 amps per square foot (8.9 mo/cm ) 


Thickness: 

Approximately 1 mio^meter 


4. 

0.1. water spray rinse. 


5. 

Lead Plate - (Plating Solution IV-C-5) 


Plating Time: 

Approximately 2 hours 30 minutes 


Current Oensity: 

2 

5 amps per square foot (5.4 ma/cm ) 


Thickness: 

1.32 mils 4:0. 13 mils (33.6 ± 3. 4>«m) 


6 . 0.1. water spray rinse . 


7. Indium Plate - (Plating Solution IV-C-6) 



Plating Time: 

Approximately 1 hour 


Current Oensity: 

5 amps per square foot (5.4 ma/cm ) 


Thickness: 

0.68 mil 0.07 mil (17.3 ± 1 .7/* m) 

8. 

0.1. water spray rinse . 


9. 

Silver Plate - (Plating Solution IV-C-3) 


Plating Time: 

90 4: 10 seconds 


Current Oensity: 

1 .9 amps per square foot (2.04 mo/cm ) 


Thickness: 

27 microinches ± 3 microinches 
(6900 angstroms + 690 angstroms) 
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10. D.l . wator spray rinsa. 

1 1 . Gold Plate - (Plating Solution IV-C-7) 

Plating Time: 60 minutes 

Thickness: Appioxlmotely 2 mIcroInches (500 ^ ) 

12. D.l. water spray rinse and nitrogen dry. 

Chemical Solution Parameters 


Nickel Plate 
Bath Type: 

Sulfamate Nickel (Acid) 

Manufacturer: 

Udylite (Oxy Metal Industries Corp.) 

Bath Preparation 

Bath Parameters 

Nickel Sulfamate 

36 to 44 o^gal (270 to 300 g/l) 

Nickel Chloride 

2 oz/gal (15 g/l) 

Boric Acid 

4 to 6 oz/gal (30 to 45 g/l) 

Stress Reducer 

0 to 2 oz/gal (0 to 15 ^1) 

Wetting Agent 2A 

0.1 to 0 .2 02 / gal (0 . 75 to 1.5 g/l) 

Operating Conditions 

Temperature: 

100i:20®F (38i11 C.) 

pH: 

3.0 to 5.0 2 

Current Density: 

Up to 100 ASF (108 mo/cm ) 

Agitation: 

Mechanical 

Baume': 

29to31at70®F (21 C.) 

Tank Voltage: 

6 to 10 Volts 

Anodes: 

Nickel Rolled Depolarized 

Anode Bags: 

Cotton or Dyne! 
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2 . 


Coppvr Plate 

Bath Type: Cubath Sulfate (High Acid/Low Copper) 

Manufacturer: Oxy Metals Industries Corp. (Sel Rex) 


Bath Preparation Range 


Optimum 


Copper Metal 
Copper Sulfate 


HjSO^ 

Chloride Ion 


2-2 )Aoz^ol (15-19g/l) 2 )/Aoz^a\ (17 g/l) 

8*10o^al (6-7. 5 g/l) 9 oz/gol (67 g/l) 

20-30oz/gal (150-225g/l) 23 oz/gol (170 g/l) 


20-80 mg/1 


30 mg/l 


Operoting Conditions 

Temperature: 

Filtration: 

Anodes: 


Anode Hooks: 
Agitation: 
Current Density: 
Cubath HY M 
Addition Agent 


70-85®C (2 1-29®C) 75®F (24®C) 

For classification 

purposes only 

Cuixith anodes .040- 

. 060% phosphorous 

(OFHC copper or 

electrolytic cannot be 

used) 

Titanium 

Blower Air » 

Up to 40 ASF Cathode (43 mo/cm ) 

1/4 - 1/2 ml/omp hour 


3. 


Silver Plate 


Both Type: Cyanide Silver (Alkaline) 

Manufacturer: Oxy Metals Industries Corp. (Sel Rex) 


Operoting Conditions Nominol 

Metallic silver content W.STr. oz/^al (8.9 g/l) 
Potassium cyanide content D.O Av. oz/ga\ (75 g/l) 
Potassium carbonate 2.0Av. oz/^ol (15 g/l) 
Industrial silverbrightener 4.0 cc/gal (1 cc/l) 
pH 12.5 

Temperature 21®C (70®F) 

Agitation Vigorous 

Anode to Cathode Ratio 2 to 1 or higher 
Anodes Pure Silver 


Range 

(8-12 Tr. oz/^el)(6.6-9.9g/l) 
(8-12 Av. oz^al)(6-9 g/l) 

( 1 -3 Av . oz/go l)(7. 5-22. 5 g/l) 
(3-5 cc/gal) (0.8-1 .3 g/l) 
(12-13) 

(18-28®C) (68-85 F) 
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Operoting Cordttions 

Cathode Cursent Density 
(Rock) 

Time to Deposit 0.0001“ 
@ 30 ASF (Rock) 


Nominal 

(Up to 80 ASF) (86 mo/cm^) 
1 .23 minutes 


Gold Plate 

Bath Type: Alkaline Non-Cyanide Bright Ductile Gold 

Manufacturer: Oxy Metal Industries Corp. (Sei Rex), 6DT 510 

Physical Properties 

Purity 
Hordness 

Contact Resistance 
Deposit Weight for 0,0001“ 

Thickness 

Moteriols Required 
Materials required for this bath ore: 


99.9% 

130-190 Knoop 
0.3miliiohms 2 

31 .6 mg/sq.in. (5.0 mg/cm ) 


BDT 510 Make-Up 
BDT Replenisher 
BDT Conducting Salts 

Reagent grade sodium hydroxide (20%) ond sulfuric acid (5%) 
for pH adjustment 


Operating Conditions 

Metallic Gold Content 
pH (Electrometric) 
Specific Gravity 
Temperature 
Agitation 

Anodes 

Anode-to-Cothode Ratio 
Cathode Current Density 
(Rock) 


Nominal 

12 g/l 
8.5 

10° Baume' minimum 
50°C (120°F) 


Range 

8-16 g/l 
8.0 - 9.0 
8 - 35 Bgume' 

(95® - 130®F)(35-55®C) 


Vigorous at Anode 
and Cathode 
Plotinum or 
Permanode 

2 to 1 or higher 2 

Up to 10 ASF (II ma/cm ) 
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Lead Plate 



Bath Type: 

Fluoborate Lead (Acid) 

Manufacturer: 

Allied Chemical 

Bath Composition 



Lead Fluoborate 


200 g/l 

Lead Metal 


108.8 g/l 

Peptone 


0.5 g/l 

Bourne* (at 80 F) 


21.5-22.0 

pH (maximum) 


1.0 

Temperature 


75 - 100®F (24-38®C.) , 

Cathode Current Density 

Up to 30 ASF (54ma/cm^) 

Average Tank Voltage 

1-3 V 

Anodes 


Lead 

USE PLASTIC TANKS AND 

ACCESSORIES FOR FLUOBORATE 1 

Indium Plate 



Bath Type: 

Sulfamic 

Acid 

Manufacturer: 

Indium Corporation of America 

Bath Composition 



Indium Sulfomate 


105.4 g/l 

Sodium Sulfomate 


150.0 g/l 

Sulfamic Acid 


26.4 g/\ 

Sodium Chloride 


45.8 ^1 

Dextrose 


8.0 g/l 

Triethonolamine 


2.3^1 

Operating Conditions 


pH 


Under 3.5 

Temperature 


Room Temperature 2 

Current Density 


Up to 100 ASF (108ma/cm ) 

Anodes 


Indium 
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7. 


Convorslon Gold Plate 

Bath Type: Ammonoic Cyanide Gold, Atomex 

Manufacturer: Engelhard Minerals & Chemicals Corp. 

Operating Canditions 


Gold Concentration 
pH 

Temperature 


1/2 ounce per gallon (3.8 g/l) 
7 to 8 

75^C ± 5°C with stirring 
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APPENDIX V 
POSTPLATE PROCEDURE 
SIMULATED INTEGRATED CIRCUIT WAFERS 


Postplote Procedure for Golc(/Ltod/Sllvr Solder-Bumped Wofert 

1. Strip away the plastic film. First, soak the wafer in a solution of 93% 
methylene chloride/7% methyl alcohol ot room temperature until the resist 
film begins to loosen. Remove the resist film in a spray of 93% methylene 
chloride/7% methyl alcohol. Rinse in a woter spray, then in methyl alcohol, 
and blow dry. Remove remaining traces of resist in Uresolve Plus (Dynaloy) 
at 65°C ± 5°C for 5 minutes or at room temperature overnight. Finally, 
rinse in D.i. water, then in methyl alcohol. Blow dry. 

2. Etch away the interconnecting copper film with copper etchant (Solution 
V-C-1) (approximately 20 seconds). Water rinse In D.I. water (approxi- 
mately 60 seconds), then in methyi alcohol. Blow dry. 

3. Alloy the gold/lead/si Iver snider (60 seconds at 350°C in o forming gas 
or nitrogen atmosphere). 

4. Etch away the interconnecting moiybdenum film with molybdenum etchanr 
(Solution V-C-2) (approximotely 5 seconds;. Water rinse In D.I. water 
(approximately 60 seconds). 

5. Plate gold on the solder4>umps. First deoxidize the surface of the solder- 
bumps (aqueous ammonia, 15 seconds, room temperature). Immediately 
plate conversion gold (Solution V-C-3) for approximately 5 minutes. 
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6. Rinse in aqueous ammonia for 15 seconds, fhen in D.l. water for 1 
minute, and finally in methyl alcohol. Blow dry. 

Postplote Procedure for Indlum/Leod/Silver Bumped Wofers 

1 . Strip owoy the plostic resist film . First, soak the wafer in o solution of 

93% methylene chloride/7% methyl alcohol at room temperature until the 
resist fi im begins to loosen . Remove the resist fi Im in a spray of 93% 
methylene chloride/7% methyl alcohol. Rinse in a water spray, then in 
methyl alcohol, and blow dry. Remove remaining traces of resist in 
Uresolve Plus (Dynaloy) at 65^C 5°C for 5 minutes or at room temperature 

overnight. Finally, rinse in D.l. water, thjn in methyl alcohol. Blow dry. 

2. Etch away the interconnecting copper film with copper etchant (Solution 
V'C-i) (approximately 20 seconds). Water rinse in D.i. water (approxi- 
mately 60 seconds). 

3. Etch away the interconnecting molybdenum film with molybdenum etchant 
(Solution V-C-2) (approximately 5 seconds). Water rinse in D.l. water 
(approximately 60 seconds). 

4. Rinse in aqueous ammonia for 15 seconds, then in D.l. water for 1 minute, 
and finally in methyl alcohol. Blow dry. 
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Chcmicoi Solution Poramotort 


I . Coppor Etchant 

Both Typo: Oxidizing Alkollno Solution 

Manufacturer: Southern California Chemical Corp. ** AE-25 

Compotition 

40% part "A" aqua ammonia solution (by volume) 

20% part ”B" alkaline oxidizing solution 
40% deionized water 


Operating Conditions 

Room temperature with stirring in a plastic container. 

2. Molybdenum Etchant 

Bath Type: Alkaline Ferricyanide 

Composition 

184 grams potassium ferricyanide 
40 grams potassium hydroxide 
600 ml. deionized water 

Operating Cond i tions 

Room temperature with stirring in a plastic container. 

3. Conversion Gold Plate 

Bath Type: Ammonaic Cyanide Gold, Atomex 

Manufacturer: Engelhard Minerals & Chemicals Corp. 

Operating Conditions 


1/2 ounce [-.er gallon (3.8 g/l) 
7 to 8 

75° C ± 5°C with stirring 


Gold Concentration 
pH 

Temperature 


APPENDIX V - (ConthMd) 


D. Olscuiston 


Both th« copp«r •fchont and the molybdanum •tehanf ora salacHva. Tha copper 
etchant does not ottock lend/ nickel/ indium/ itiver or gold; copper Is etched 
at the rate of approximately 500 X/tmc, The molybdenum etchant does not ottock 
nickel/ indium/ gold/ 'V copper; molybdenum It etched at the rate of approxi- 
mately 200 A/sec./ while silver is etched at the rote of about 40 and 

lead forms a black oxidized surface which is easy to remove in ammonium hydroxide. 
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WAFER SAWING PROCEDURE 


Woftr lowing woi don* on o Lindborg-Tompresi wofar dicing sow. 

Sinea tha wofars wara lo ba sowad eomplalaly through, tha wofars wara first bondad to 
bosa plotas. Tha bosa plotas wara eomprisad of grophita, 5 cm in diomatar by 
opproximotaly 3 mm thick, moehinad on both sidas to o flotneu of battar thon 25 /ym. 
Bafora usa, tha grophita boso plotas wara wipad claon of dust ond praclaonad by submarsion 
in boiling triehloroathylana followad by thorough drying on o claon hot plota. The adhesive 
used was comprised of 99% Coming Quartz Wax: 1% pure mineral oil. 

To bond the silicon wafers to the graphite base plates, the base plates were preheated o 
approximately lOO^C on a hot plate. The base plates were then removed from the hot 
plate, and a thin layer of the wax preparation was applied from a heated source of the 
material with the aid of a Q-tip. Then the wafer was lowered onto the molten waxed 
surface, and the assembly was allowed to cool. 

The wafers were sawed with a Lindberg-Tempress dicing saw, using o 38>#m-thick blade. 
This blade leaves o 40 to 48^ m kerf. 

The sowed devices, still mounted to the graphite base plate, were then washed with D.i. 
water followed by methanol. 

The bumped silicon chips were loosened from the graphite base plate by soaking in 
trichloroethylene at room temperature, thus dissolving the wax. The chips were then 
collected, and dec >ed by immersion in boiling trichloroethylene (two separate applications), 
followed by rinsing in pure acetone, and then in pure methanol, and dried. 
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PREPUTE PROCESS PROCEDURE FOR CMOS WAFERS 


A. Plrooiduw 

1 . Apply plofcr'i tap* to th* bock surfoc* of th* wof*r. 

2 . Moik *dg*i with ShIpUy AZ**1 19 resist or equivalent 

3. Etch th* copper film with copper etchant (Solution VII-B-1) (opproxtmotely 

15 seconds). Water rinse In D.l. woter (opproxlmotely 60 seconds). Blow dry. 

4. Etch the nickel/cobalt film with nickel etchont (Solution Vil-B’’2) (approxl* 
motely 30 seconds). Water rinse In D.l. woter (opproxlmotely 60 seconds). 

5. Immerse in Neutra Cleon 68 (Solution Vli-B-S) for 5 mlnutes/ ogitoting 
obout 15 seconds each minute. 

6. Rinse thoroughly In a sproy D.l. water rinse. 

7. Immerse in 20% sulfuric odd solution (Solution Vil**B*4) for 15 to 30 
seconds/ with continuous agitation. Do not rinse; Immedlotely transfer 
the wofer into the first plating solution . 

B. Preplote Chemicol Solution Porometers 
1. Copper Etchant 

Both Type: Oxidizing Alkaline Solution 

Manufacturer: Southern California Chemical Corp. ■* AE-*25 
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Cowpotltlon 

40% port “A" aqua ammonia solution (by voluma) 

20% part "B” alkolln* oxidizing solution 
40% doionizod wotor 

Oporotlng Conditions 

Room tomporoturo with stirring 

Niekol Etchant 

Both Type: Oxidizing Acidic Solution 

Composition 

I part sulfuric acid (97%) 

1 port hydrogen peroxide (30%) 

8 ports glacial acetic acid 

Operating Conditions 

Room temperature with stirring 

Neutra Clean 68 

Manufacturer: Shipley Company 

(1) Concentration: 100% 

(2) Temperature: Room 

20% H^SO. by volume 
Room ^ ^ 


Sulfuric Acid Dip 

(1) Concentration: 

(2) Temperature: 


APPENDIX VIII 
POSTPLATE PROCEDURE 
CMOS WAFERS 


Postplafe Proeedur* for Indtum/Lood/Sllvor Bumped Wafers 


Strip away the plastic resist film. First, sook the wafer In o solution of 
93% methylene ehlorlde/7% methyl alcohol at room temperature until the 
resist film begins to loosen. Remove the resist film in a sproy of 93% 
methylene chloride/7% methyl alcohol. Rinse in o water spray, then in 
methyl alcohol, and blow dry. Remove remaining traces of resist in 
Uresolve Plus (Dynoloy) at 65°C Jt 5^C for 5 minutes or at room temperature 
overnight. Finally, rinse in D.l. water, then in methyl alcohol. Blow dry. 

Etch away the interconnecting copper film with copper etchant (Solution 
VIII'C-1) (approximately 15 seconds). Water rinse in D.l. water (approx!” 
mately 60 seconds). Blow dry. 

Etch away i, ♦.•conr.^cting nickel/cobalt film with nickel ek .. it (Solution 
VIII-C-2) (approximately 30 seconds). Water rinse In D.l. water (approxi- 
mately 60 seconds). 

Etch away the interconnecting copper film with copper etchant (Solution 
VIII-C-1) (approximately 10 to 15 seconds). Water rinse in D.l. water 
(approximately 60 seconds). Blow dry. 


Etch away the interconnecting nickei/cobalt film with nickel etchant 
(Solution VIII-C-2) (approximately 45 to 60 seconds). Water rinse in 
D.l. water (approximately 60 seconds). 



APPENDIX VIM - (Continued) 


6. Etch oway both the Interconnecting aluminum and chromium films with 
aluminum etchant (Solution VIII-C-3) (approKimately 10 to 15 seconds). 

Rinse in hot D.l. water in a plastic vessel (approximately 15 seconds). 

7. Rinse in D.l. water in a plastic vessel at room temperature (approximately 

5 minutes). Rinse in methyl alcohol (approximately 60 seconds). Blow dry. 

Postplote Procedure for Gold/lead/Silver Solder-Bumped Wofers 

1. Strip awny the plastic resist film. First, soak the wafer in a solution of 
93% methylene chloride/7% methyl alcohol at room temperature until the 
resist film begins to loosen. Remove the resist film in a spray f 93% methylene 
chloride/7% methyl alcohol. Rinse in a water spray, then in metnyl alcohol, 
and blow dry. Remove remaining traces of resist in Uresolve Plus (Dynoloy) 

at 65°C d. 5°C for 5 minutes or at room temperature overnight. Finally, 
rinse in D.l. water, then in methyl alochol. Blow dry. 

2. Etch awey the interconnecting copper film with copper etchant (Solution 
VIII*C-1) (approximately 15 seconds). Water rinse in D.l. water 
(approximately 60 seconds). Blow dry. 

3. Etch away the interconnecting nickel/cobalt film with nickel etchant 
(Solution VIII-C-2) (approximately 30 seconds). Water rinse in D.l. water 
(approximately 60 seconds). 

4. Etch away the interconnecting copper film with copper etchant (Solution 
VIII-C-1) (opproximateiy 10 to 15 seconds). Water rinse In D.l. water 
(approximately 60 seconds). Blow dry. 
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5. Alloy the gold/leod/illver solder (60 seconds at 350°C in a forming 
gas or nitrogen atmosphere). 

6. Etch away the interconnecting nickel/cobalt film with nickel etchant 
(Solution VIII**C-2) (approximately 45 to 60 seconds). Water rinse in 
D.l. water (approximately 60 seconds). 

7. Etch away both the Interconnecting aluminum and chromium films with 
aluminum etchant (Solution VIII-C-3) (approximately 10 to 15 seconds). 
Rinse in hot D.l. water in a plastic vessel (approximately 15 seconds). 

8. Rinse in D.l. water in a plastic vessel at room temperature (approximately 

5 minutes). Rinse in methyl alcohol (approximately 60 seconds). Blow dry. 

9. Plate gold on the solder-bumps. Plate conversion gold (Solution VIII-C-4) 
for approximately 5 minutes. 

10. Rinse in aqueous ammonia in a plastic vessel for 15 seconds. Rinse in D.l. 
water in a plastic vessel at room temperature (approximately 5 minutes). 
Rinse in methyl alcohol (approximately 60 seconds). Blow dry. 

C. Chemical Solution Parameters 


1 . Copper Etchant 

Bath Type: Oxidizing Alkaline Solution 

Manufacturer: Southern California Chemical Corp. - AE-25 
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Composition 

40% port “A" aqua ammonia solution (by volume) 
20% part "B" alkaline oxidizing solution 
40% deionized water 

Operating Conditions 

Room temperature with stirring In a plastic container. 
Nickel Etchant 

Bath Type: Oxidizing acidic solution 

Composition 

1 port sulfuric acid (97%) 

1 port hydrogen peroxide (30%) 

8 ports glacial acetic acid 

Operating Conditions 

Room temperature with stirring. 

Aluminum Etchant 

Bath Type; Acidic solution 

Composition 

1 part hydrochloric acid (.'^7%) 

4 ports D.l. water 

Operating Conditions 

At 80°C with stirring In o plastic vessel. 


APPENDIX VIII • (ConMnued) 


4. Conversion Gold Plate 

Both Type: Ammonolc Cyanide Gold, Atomex 

Manufacturer: Engelhard Minerals & Chemicals Corp. 

Operoting Conditions 

Gold Concentration 1/2 ounce per gallon (3.8 g/l) 

pH 7 to 8 

Temperature 75 i 5 C with stirring 

D. Discussion 

These etchants ore selective. 

The copper etchant does not attack lead, nickel, indium, silver, or gold. Copper 

o 

(s etched at the rote of approximately 500 A/sec. 

The nickel etchant does not attack lead, silver, gold, or aluminum. Attack on 

copper is extremely slow. Nickel or nickel/cobolt alloy is etched at the rate of 
o 

approximately 100 A/sec. Indium is attacked, but the etch rate is less than half 
that for nickel. 

It is claimed that TFG proprietary nickel etchant (Transene, Inc., Rowley, Mass) 
will not attack indium. 

The aluminum etchant does not attack gold, silver, copper, lead, indium, or 
nickel appreciably. 
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